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MINUTES 



OPENING OF THE CONVENTION 



The twenty-first convention of the National Electric 
Light Association was called to order by President 
Insull, at eleven o'clock, a. m., June 7, 1898, at the 
Auditorium Hotel, Chicago. 



President Insull read the following address : 

Members of the National Electric Light Association. 

Ladies and Gentlemen : In calling to order the 
annual convention of your association, my dual capacity 
presents somewhat of an embarrassment to me. I 
am in doubt whether as president to enlarge upon 
the great growth of this association since its formation 
in this city on February 25th, 1885, or whether as a 
resident here to dwell at length upon the marvelous 
growth of the city in which we meet. Chicago and 
the industry with which we are identified have a 
somewhat close connection. The growth of the 
former, if measured from the point of view of the 
rapidity with which history is made, is, so to speak, 
the product of yesterday. The electrical industry, or, 
rather, that portion of it with which we are associated, 
is but little more than the product of to-day. If the 
growth of this city and that of our own industry are 
as great during the next thirteen years as the progress 
that they have achieved since the date of your first 
meeting here, I am sure that both the citizens of 
Chicago and the members of your association will 
have every reason to congratulate themselves. 
Speaking for those of my friends connected with 
the electrical industry in Chicago, and also for 
myself, I can assure you that it affords us very great 
pleasure to welcome you at this convention, and the 
fact of your meeting in this my home city, enhances 
not a little my high appreciation of the privilege of 
presiding on this occasion. 
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The officers of your association have had in mind, 
in preparing a programme for this convention, the 

importance of bringing before you subjects of interest 
in connection with central station management, and 
the papers to be read at our various sessions, and 
the topics mentioned' for discussion, cover such a 
wide range that it would seem undesirable for me to 
occupy much of your time by way of introduction. 
The various gentlemen that have so kindly consented 
to read papers, will deal with such important 
questions as the cost of generating and distributing 
the product which we manufacture, transformer econ- 
omy, and the rival claims of alternating currents and 
direct currents as means of distribution. The many 
problems which you have to solve in connection with 
the question of public lighting, and the cost of pro- 
ducing electrical energy by water power, will also be 
discussed. 

STANDARD VERSUS SPECIAL MACHINERY 

A matter that has called forth during the last year 
considerable discussion, is the question of the use of 
standard apparatus and the tendency towards the speci- 
fication of special machinery on the part of electrical 
engineers. This course is not by any means confined 
to large work, but is followed by some engineers 
whether they are designing a small isolated plant or 
are projecting a large, modern central station. It 
would seem to me to be of paramount importance to 
the manufacturer and user that both should co-oper- 
ate in eliminating, as far as possible, from the busi- 
ness the necessity of building and using special types 
of machinery. This can only be done by the adop- 
tion of standard specifications for various standard 
types of apparatus. A committee of the American 
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Institute of Electrical Engineers has already taken 
this subject under consideration, and I believe that we 
shall be serving alike the interests of the manufacturers 
and users of electrical apparatus if we take some 
action with a view to co-operating with the institute 
and other bodies in this matter. In drawing attention 
to this subject, I speak with an appreciation of the 
positions of both manufacturer and user, having had 
more or less connection with the manufacture of elec- 
tric apparatus and the manufacture of electric current. 
Constant duplication of parts, resulting in constant 
duplication of a given piece of machinery, means, as 
any manufacturer will tell you, constant reduction in 
cost. Variation from a given type means increased 
cost and even the wiping out of an apparent profit. 
In the last year or so there has been a great deal of 
discussion in England, prompted by the success of 
American manufacturers in obtaining large contracts 
for electric traction work in Great Britain, and the 
inquiry has often been made, how is it possible for 
American electrical manufacturers with high wages 
against them, to compete with English builders, whose 
scale of pay to their workmen is on a very much 
lower basis. If you will examine into the amount of 
electric-traction machinery manufactured in this country 
under a system of constant duplication and the use of 
special tools, and then visit the electrical establish- 
ments on the other side of the water, and note the 
tendency there towards specializing each particular 
job, you will soon recognize that the reason for low 
cost, and consequently low selling price, on this side 
of the ocean, is brought about by the fact that in 
America this class of work is largely designed by the 
manufacturer, and, as a natural result, is the duplicate 
of something already produced ; while on the other 
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side of the Atlantic the builder of the machinery 
works from the plans of the electrical engineer, which 
necessitates his producing something different to fill 
each different contract. In one case, the machinery is 
really manufactured ; in the other case, the builder 

m 

runs a jobbing shop. Unfortunately, during the last 
few years, American users of electrical apparatus have 
somewhat departed from the pursuance of what is 
really a fundamental principle of American manufac- 
ture, namely, the use of existing types, which are 
turned out in large quantities with special tools with 
a view to the lowest possible cost of production. 
The electrical engineer for the purchaser has been 
permitted to draw up specifications that have tended 
toward the specializing of apparatus, necessarily inter- 
fering with rapid manufacture and low cost of the 
product. The disadvantage to the manufacturer is 
apparent. It is turning our large electrical works 
from manufacturing establishments into jobbing shops, 
cutting down their capacity, increasing their labor cost 
and lengthening the time that it takes to produce a 
given article. Looking at it, therefore, from the 
point of view of the manufacturer, the capacity of 
his plant is reduced, and consequently his interest and 
g^eneral expense cost is higher ; his labor cost is 
increased ; and if he finds himself unable to increase 
his selling price, his shop must be run at a loss 
instead of at a profit. 

The user is necessarily interested in low cost of 
production on the part of the manufacturer, as he 
cannot expect to purchase apparatus except at prices 
that yield a return to the maker. From this point of 
view alone it would seem to me to the interest of the 
user that he should co-operate with the manufacturer 
with a view to standardizing apparatus, eliminating 

3 
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unnecessary variations from a given type and providing 
specifications for machinery calling for a given capacity 
at a given efficiency. Such a course would lead to 
low cost of manufacture, and consequently low selling 
price, coupled with rapid production. 

Another objection to special apparatus is the 
expense and delay in obtaining duplicate parts in case 
of break-down. The fear of delay under such circum- 
stances often necessitates the user s carrying the dupli- 
cation of his plant to a point entirely unnecessary 
when standard apparatus is used. Capital investment, 
and consequently interest cost, is thus increased, not 
only by the purchase of apparatus that of itself is 
expensive to build, but also by the duplication of 
investment which I have pointed out must of necessity 
follow. 

A further point that should be borne in mind in 
connection with the lack of standard specifications, is 
the opportunity that it gives to the unprincipled manu- 
facturer to dispose of his second-rate apparatus to the 
uninitiated. We talk of a machine having a given 
capacity; but under what conditions should it operate 
to develop this capacity, and how often does it occur 
that a dynamo machine is rated entirely too high and 
at the cost of its efficiency? How much miscellaneous 
material used in connection with the industry is abso- 
lutely unfitted for the purposes for which it is sold? 
Surely, all of us, manufacturers and users, are interested 
in maintaining the highest possible standard of work 
and eliminating alike from our central-station systems 
and the installations for our customers worthless appli- 
ances whose only recommendation is their apparent 
cheapness, whereas, as a matter of fact, they are really 
the most expensive that can be bought, because they are 
unfitted for the purposes for which they are intended. 
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A proper consideration of this subject would not 
embrace alone the apparatus we are ourselves in the 
habit of buying for use in connection with our plants, 
but also the appliances used in connection with cus- 
tomers' house wiring. It should be borne in mind 
that faulty apparatus from one cause or another result- 
ing in a stoppage of the service of one or more 
customers, is, in the mind of the user of current, set 
down to the unreliability of the system as a whole. 
A central-station customer seldom discriminates 
between a contractor who supplies a worthless device 
and a company supplying him with current. Standard 
specifications should therefore cover, not alone the 
machinery used, but also the devices and material 
forming part of a customer's installation. This asso- 
ciation has addressed itself at various times to the 
consideration of cjuestions in connection with house 
wiring, and has co-operated with the National Board 
of Fire Underwriters and other bodies with a view to 
establishing rules to be followed by contractors. 
I strongly recommend that this matter be taken up 
on a broader basis than heretofore, and that in 
conjunction with the technical societies we invite the 
co-operation of the electrical manufacturers with a 
view to standardizing apparatus and the specifications 
therefor, whether for use in the central station itself 
or in connection with the distributing system. 

I do not want my remarks on this subject to be 
taken as in any way censuring the many electrical 
engineers who have by their special training and 
natural ability done so^much to develop the industry 
with which we are connected. From my experience 
I am satisfied, however, that, from the point of view 
of the user, the designing engineer who adapts his 
requirements to the standard apparatus of a first-class 
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manufacturer, is able to produce a plant of more 
satisfactory character, and more economical to operate, 
than that designed by those engineers who, I regret 
to say, are sometimes influenced by the desire to use 
machinery that they can claim as their own handiwork 
rather than use something that would be quite as 
satisfactory and that has the advantage of being the 
regular product of an established manufacturer. 

The consideration of the subject of standard 
specifications would naturally include the preparation 
of specifications with relation to the manufacture of 
incandescent lamps. For several years past a com- 
mittee of this association has had this subject under 
consideration. It has been found practicable by a 
number of large central-station companies, connected 
with another association and buying from one manu- 
facturer, to purchase their lamps under specifications 
that provide for the testing of samples of the product 
of the factory, the payment for lamps supplied being 
based on the results of the tests. It seems to me 
that it would be possible to adopt standard specifica- 
tions under which our members could purchase their 
lamps from any reputable lamp manufacturer. The 
importance of this matter will be appreciated when it 
is remembered that the cost of lamp renewals per 
unit of output exceeds $i per ton of the cost of fuel 
in operating a central station with the most modern 
steam plant. 

SELLING PRICE BASED ON COST 

It is of prime importance to central station man- 
agers that they should sell the product they manufac- 
ture, namely, electric current, to the greatest number 
of consumers at the lowest possible price, and yet 
obtain a reasonable profit. For a number of years, 



21 



the basis of charge on the part of most companies 
has been a given unit price with discounts for quantity. 
In the early days of the business, some companies 
were in the habit of charging a fixed price per lamp 
per month, having no control whatever over the use 
of the product, but being necessarily responsible for 
the increased operating expenses caused by the waste- 
fulness of customers, who could hardly be expected to 
economize, inasmuch as they paid exactly the same 
price for the use of light whether they burned it 
one or twenty-four hours a day. A majority of these 
companies, however, following this last niethod realized 
at an early date the absurdity of distributing that for 
which they were not paid, and as a result I presume 
we can fairly assume that electric-lighting business (with 
the exception of arc-light service) is run almost 
universally on a meter basis. It is therefore unneces- 
sary for us to discuss the question as to whether the 
measuring of current is a desirable thing in our business, 
as it is now generally recognized as a necessity. If 
you will make a careful examination of the factors 
entering into the cost of current, you will very 
quickly come to a realization of the fact that interest 
is by far the most important single element, and that 
this item varies very considerably with the different 
classes of service furnished bv a central-station com- 
pany. The interest factor in cost depends upon the 
yearly average consumption of your product by the 
customer ; or, to put it another way, you can figure 
your interest on the basis of so much per unit of 
output at maximum load. For instance, take the two 
probably extreme classes of customers to whom the 
central-station company supplies current for lighting 
purposes. On the one hand, you have an office building 
whose tenants use artificial illumination for only a very 
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short space of time each day and only during the 
winter. On the other hand, you have a basement 
customer whose use of your product averages nearly 
one-half of the day of twenty-four hours during the 
whole year. Your investment to take care of each of 
these customers is practically the same, therefore your 
total interest cost must be the same in both cases ; 
but if you distribute this interest cost over the actual 
units consumed, you will find that the tenant of the 
office building costs you for interest per unit of cur- 
rent sold many times more than does the occupant of 
the basement. There are of necessity as many differ- 
ent grades of customers between the two extremes I 
have mentioned as there are different classes of busi- 
ness and different characters of structures in which 
these businesses are conducted. Surely, if the cost of 
production varies according to the different conditions 
under which your customers use your product, it is 
but fair that the selling price per unit should vary corre- 
spondingly. If it does not, you, of necessity, encourage 
the use of electricity by customers whose business is 
unprofitable to you, and discourage the use of your 
product by customers whose business at a lower price 
would yield you a fair return. In past conventions 
the question of how to improve the day load for the 
purpose of raising the average output, what classes of 
business other than lighting should be encouraged to 
achieve this result, and the price at which we can 
afford to sell current to the operators of these differ- 
ent lines of business, have come up for discussion. 
At the last convention the realization of the fact that 
great differences exist in the elements governing the 
cost of product for different classes of lighting cus- 
tomers, was ably presented by Mr. Wright, and he 
pointed out that the improvement of your load-factor, 
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the broadening of your curve, and the rendering less 
acute of your peak, are matters within your own 
adjustment, provided that you will realize, in consid- 
ering cost with a view to making a selling price, that 
conditions are so dissimilar that the expense to you 
per unit of supplying two customers in the same 
block is likely to be widely different. Various plans 
have been adopted by a comparatively small number 
of companies to meet the conditions as we now know 
them to exist. Some companies have adopted the 
scheme of allowing certain special discounts provided 
the income per month per lamp connected exceeds a 
certain amount. Other companies charge one rate for 
current used during certain specified hours of the day 
and a much lower rate for the current used during the 
remaining hours of the day. A third method is a 
system of discounts based upon the total consumption 
of current during a given period, considered in con- 
nection with the maximum consumption at any time 
during that same period. 

These various methods all have the same object in 
view, namely, the meeting of the conditions of each 
individual customer, and yet at the same time earning 
a fair return on all of the investment provided for 
all of your customers. 

In discussing this matter I have referred to inter- 
est cost alone, because it forms so large a proportion 
of the total cost ; but you will find that this same 
principle enters into a number of the other elements 
that go to make up your total cost. It would there- 
fore appear to me that in considering the cost of 
generating electricity you should bear in mind that a 
large proportion of the items that go to make up the 
total are within your own control, and their amount 
per unit of output depends very largely upon the 
methods adopted in selling your product. 
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PUBLIC CONTROL AND PRIVATE OPERATION 

A subject of growing importance to a number of 
our members is the question of the public ownership 
and operation of the undertakings now operated by 
electric lighting companies. The agitation in connection 
with this subject has called forth a great deal of 
discussion, partly by those interested in it simply with 
a view to extending the influence of political parties, 
and partly by serious disinterested thinkers whp believe 
that the best interests of the greatest number are to 
be obtained by the creation of a municipal socialism, 
which, if carried to its logical conclusion, must 
ultimately result in municipalities performing, with 
others, such public-service work as we are engaged in, 
and also in producing the food we eat and the clothes 
we wear. To those occupied in the management of 
electric-lighting properties, it does not seem possible 
that the movement in favor of municipal operation of 
electric-lighting plants, based upon the assumption that 
a municipality can produce electricity cheaper than, or 
even as cheap as, a private corporation, is well founded. 
We all realize, from the close attention we have to 
give to our own affairs, that self-interest and the 
necessity of getting a return on our investment are 
the first essentials to the economical administration of 
large enterprises. While I do not pretend to claim 
that electric-lighting companies are beyond reproach, 
I wish to point out that many of the evils complained 
of as pertaining to corporate management are the 
direct results of the enforcement of unwise conditions 
through legislative action. Ill-advised efforts are often 
made by legislative bodies to secure advantages in the 
direction of control which cannot be obtained without 
giving an equivalent in protection to the industry. 
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This causes the investor to feel that his property is 
being attacked, and compels him to resist such legis- 
lation. The result is a feverish agitation, crimination 
and recrimination between the would-be improvers of 
municipal government and the owners of corporate 
properties without reaching a conclusion satisfactory 
to either. The fallacy of the so-called reformer's 
theory results from looking only at what he calls the 
injurious effects of corporate management without 
taking into account its indisputable benefits. He does 
not seek for the cause of the trouble. If reformers 
will take accurate account of all the points in the 
problem, they will discover that the evils complained 
of result from errors in legislation designed to deter- 
mine the relations between municipal bodies and 
electric lighting companies. It seems to me that the 
claim that municipal operation is the universal cure 
for all (fiseases for which electric lighting companies 
are supposed to be responsible, merely proposes the 
substitution of political in the place of industrial 
management. This raises the question : Is the admin- 
istration of municipal affairs in the various cities 
throughout this country so economical as compared 
with the management of private industries, and the 
class of service rendered so efficient, as to justify the 
increasing of the burdens already imposed upon 
municipal government? It appears to me that a 
correct division of power and responsibility requires 
political government to control private industrial man- 
agement. ^Where political government and industrial 
management are merged into one interest, the power 
of control is seriously impaired, since a political 
administration cannot be reformed without overturning 
the party in power. 

I cannot bring myself to the belief that the citi- 
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zens of this great country are in fact opposed to large 
aggregations of capital in corporate form, as such 
aggregations are absolutely necessary to the operation 
of all great undertakings by private enterprise. It is 
as impossible to operate such vast affairs with indi- 
vidual capital, as a personally owned business, as it is 
for us to live without municipal, state and national 
governments. The misunderstandings that from time 
to time occur between communities and the managers 
of electric-lighting companies, will, to my mind, dis- 
appear entirely if the relations between the two are 
correctly founded on the basis of public control, with 
corresponding protection to the corporations operating 
this industry. It would seem to me to be a very 
proper function for this association to address itself to 
educating the public to a definite legislative policy 
that will be fair to the municipalities, securing to the 
public the best service at the lowest possible price, 
and protecting corporations by giving them franchises, 
which, while conserving municipal control, will insure 
to the investor the permanency of the undertaking. 



COMPETITION IS NOT THE TRUE REGULATIVE FORCE 

It is supposed by many who discuss municipal 
affairs that the granting of competitive franchises for 
public-service work is the true means of obtaining for 
users the lowest possible price for the service rendered, 
whereas, as a matter of fact, the exact opposite is the 
ultimate result. This is proved by results in all large 
cities where the most severe competition has taken 
place. Acute competition necessarily frightens the 
investor, and compels corporations to pay a very high 
price for capital. The competing companies invariably 
come together, and the interest cost on their product 
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(which is by far the most important part of their 
cost) is rendered abnormally high, owing partly to 
duplication of investment and partly to the high price 
paid for money borrowed during the period of com- 
petition. The selling price of a service should be 
based on its cost, and in any business such as public 
work, where the investment is large and the annual 
turn-over is comparatively small, if the item of interest 
be unnecessarily augmented, it must be reflected in 
the price paid by public and private users. 

While it is not supposed to be popular to speak 
of exclusive franchises, it should be recognized that 
the best service at the lowest possible price can only 
be obtained, certainly in connection with the industry 
with which we are identified, by exclusive control of 
a given territory being placed in the hands of one 
undertaking. In most European countries public- 
service operations enjoy exclusive franchises, under 
proper control, and are able to obtain capital for their 
undertakings at the lowest commercial rates, thus 
materially affecting the cost of their product, of which 
interest, as I have already stated, is necessarily so 
great a part. In order to protect the public, exclusive 
franchises should be coupled with the condition of 
public control requiring all charges for services fixed 
by public bodies to be based on cost, plus a reason- 
able profit. It will be found that this cost will be 
reduced in direct proportion to the protection afforded 
the industry. The more certain this protection is 
made, the lower the rate of interest and the lower the 
total cost of operation will be, and, consequently, the 
lower the price of the service to public and private 
users. If the conditions of our particular branch of 
public service are studied in places where there is a 
definite control, whether by commission or otherwise, 
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it will be found that the industry is in an extremely 
healthy condition, and that users and taxpayers are 
correspondingly well served. 

COMPENSATION FOR FRANCHISES 

When prices for services are based on cost, it 
matters not whether or not, in the establishment of a 
system of legislative control, provision is made for 
paying a portion of the receipts direct to the munici- 
pality. If the public demands a percentage, surely 
we can afford to pay it, as it would simply be added 
as an item of expense, on which our selling price 
would be figured. If the public does not demand a 
percentage, this selling price would be proportionately 
less. It is simply a question as to whether our 
municipal bodies prefer to raise a portion of their 
income by taxing their citizens through the agency 
of public-service corporations, or whether they prefer 
to raise that portion of their income by collecting it 
direct from citizens themselves. Revenue raised by a 
percentage on gross receipts of the electric-lighting 
business would, at the present time, however, seem 
to be somewhat unfairly obtained in cases where the 
selling price is subject to legislative control and 
based on cost of service, as the result would be that 
a small minority of citizens using electricity would be 
forced to contribute largely to the public revenue, 
whereas the benefits enjoyed therefrom would be to 
the advantage of the whole community. 

TAKING PRIVATE PROPERTY FOR PUBLIC USE 

Another point that should be included in a proper 
scheme of public control, is a condition under which 
the municipality would have the right to purchase 
the undertaking. Such a right should include a direct 
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obligation on the part of the municipality to purchase 
the property at a fair price whenever it is thought 
desirable that the industry should be operated by the 
municipality. The possibility of the exercise of the 
right of purchase by the municipality would of itself 
make it to the interest of the owners of the property 
to do their full duty in their relations to the public. 
On the other hand, if a community licenses a corpo- 
ration to perform a certain public service, and if that 
corporation invests its money and develops its busi- 
ness, surely it is unfair for that community to go 
into the same line of public-service work itself 
without first purchasing the existing plant. If this is 
not done, the value of private property will be 
destroyed, without just compensation being made 
therefor, in an attempt to secure a public benefit. 
I do not believe that the people as a whole are so 
unfair as to demand that such a course shall be 
taken. 

My recommendations on the subject, which I have 
just presented, are by no means original. Most 
public-service corporations in Great Britain are run 
on practically the bases indicated, and in more than 
one state in the union corporate legislation has taken 
the same direction. 

1 would summarize in just two sentences the 
position that I think we should take on this subject. 

First — Franchises granted to public-service corpo- 
rations should secure them the same degree of 
protection in their rights to their property as is 
enjoyed by other investments. 

Second — Public control of charge for service 
based on cost plus a reasonable profit, and elimi- 
nating the factor of competition, is the proper safe- 
guard for the interests of users, taxpayers and 
investors. 



The President : In my remarks just made, I 
have endeavored to touch upon a few subjects on 
which I had hoped we should have papers, but I 
failed to get the members of the association to 
respond to my request to prepare them. We have 
therefore placed the various subjects referred to in 
my opening address in the programme, under the 
head of topics for discussion ; and I would therefore 
request you to keep your copies for future reference 
during the meeting. One of these subjects involves 
the basis on which we exist, and the other, the 
objects for which we exist. They are very important 
matters for us, and I think this association ought to 
take some kind of action concerning them. 



ANNOUNCEMENTS 



The President : I have a number of letters here 
from various gentlemen who we had hoped would be 
able to attend. 

The following letters were read : 

** Orange, N. J., June 3d, 1898. 

** Samuel Insull, Esq., 

" President National Electric Light Association, 

** 139 Adams street, Chicago, 111. 

** Dear Sir : Mr. Edison requests me to acknowl- 
edge the receipt of your esteemed favor of May i6th, 
covering invitation to attend the annual convention, 
to be held at the Auditorium Hotel, Chicago. He 
very much regrets, however, to say that he will be 
unable to be present on this occasion, due principally 
to the fact that other engagements will absolutely 
prevent. 

''Trusting that the meeting will be extremely 
interesting, and wishing your association every success, 
believe me 

** Yours very truly, 

**J. F. Randolph." 



''New York, May 20th, 1898. 

" Samuel Insull, Esq., 

" President National Electric Light Association, 

" 136 Liberty Street, City. 

" Dear Sir : I wish to thank you herewith for 
the courteous invitation extended to me through your 
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favor of May i6th, of which I fear I shall be unable 
to avail myself, as some duties will require my pres- 
ence elsewhere. 

** The selection of the Auditorium Hotel as the 
place of meeting, testifies to your wisdom and appre- 
ciation of the importance of satisfying the physical 
comfort of the members. I predict the coming meet- 
ing will be a great success. 

** Yours very truly, 

**N. Tesla." 



** Montreal, May 25th, 1898. 

** Samuel Insull, Esq., 

'•' President National Electric Light Association. 

** Dear Sir : I beg to thank you for your kind 
letter of May i6th, inviting me to be present at the 
annual convention of the association. It would have 
given me. much pleasure to accept this invitation, 
but I regret to say that important business either 
detains me in Montreal or requires my presence .in 
England. 

*' With many thanks and best wishes for the 
success of the convention, believe me to remain 

** Yours truly, 

** Henry T. Bovey." 

**Lynn, Mass., May 20th, 1898. 

**Mr. Samuel Insull, ' 

** President National Electric Light Association, 

'* Edison Building, Chicago. 

**My Dear Sir: Your letter of May i6th is 
received. It seems hardly possible for me to make it 
convenient this year to be present at the meeting of 
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the National Electric Light Association, but I should 
be glad, under circumstances, to attend. 

** I have a considerable amount of work here that 
needs personal attention, and which at this time is 
coming to a head. 

** I thank you for the invitation you so kindly sent, 
and regret my inability to send any favorable response. 

** Yours' very truly, 

*' Elihu Thomson." 



** Brooklyn, N. Y., June 3d, 189& 

**Mr. Samuel Insull, 

** President National Electric Light Association, 

*' Chicago, 111. 

**My Dear Mr. Insull: I am more disappointed 
than I can tell you that I am prevented from attend- 
ing the National Electric Light Association's annual 
meeting, in Chicago. I had made all my plans, even 
to the purchase of tickets, and expected to leave on 
Saturday afternoon agreeably with my promise to you, 
but matters of such moment have arisen within the 
last two days, relating to our company here in 
Brooklyn, that I am positively prevented from leaving, 
as I could not do so without jeopardizing some impor- 
tant business contracts that are now being negotiated 
for my company here. 

** Feeling the greatest interest in this convention 
and in the success of our association, the disappoint- 
ment of not being present is felt very keenly. 

** I have arranged, however, to have our electrician, 
Mr. Calvin W. Rice, prepare and read a paper, which 
I hope will be of some value to the members present. 

** Wishing you all a delightful and instructive 
meeting, I am 

** Very sincerely yours, 

*'A. M. Young." 



} 
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''Cornell University, 
"Ithaca, N. Y., May 20th, 1898. 

*' Samuel Insull, Esq., 

" President National Electric Light Association, 

'^Chicago, III. 

** Dear Sir : Your letter inviting me to attend 
the annual convention of the National Electric Light 
Association was duly received. It would give me 
great pleasure to be present at this meeting, and I 
only regret that the dates are such as to conflict with 
other duties, so that I cannot possibly arrange to go 
to Chicago at that time. I have always esteemed 
very highly my position as honorary member of the 
association, and I hope in future years to be able to 
attend the meetings. 

** Yours very truly, 

"Edw. L. Nichols." 

** 28 Chester Square, S. W., May 27th, 1898. 

** Dear Sir: In reply to your letter of May i6th, 
I am directed by Lord Kelvin to thank the president 
and committee of the National Electric Light Asso- 
ciation for their kind invitation to the twenty-first 
convention, which, however, his Lordship is unable 
to accept, as his presence is required in this country 
at the present time. 

** Yours faithfully, 

** W. Craig Henderson. 

**Geo. F. Porter, Esq." 

''Technical College, Finsbury, London, E. C 

** Dear Sir : I regret to say that I shall not be 
able to avail myself of your kind invitation to attend 
the forthcoming convention in Chicago in June. 

** Yours faithfully, 

. . ** Silvanus B. Thompson 

*'May 26, 1898." 
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** Mansion House Buildings, 
** London, E. C, May 26th, 1898. 

** G. F. Porter, Esq., 

** National Electric Light Association, 

** 136 Liberty Street, New York, U. S. A. 

** Dear Sir : I thank you for the kind invitation 
of President InsuU and your association to be present 
at your convention, but I regret that business engage- 
ments will prevent my coming at present. 

'* Yours faithfully, 

** R. E. Crompton." 



The President : We have some letters inviting 
us to avail ourselves of. various courtesies that have 
been extended to us. They are as follows : 

** Chicago, June 4th, 1898. 

** Samuel Insull, Esq., President, 

** 139 Adams Street, Chicago. 

** Dear Sir : If, at any time during the meeting 
of the association to be. held in Chicago next week, 
it would be of service to you, I should be very glad 
to place at the disposal of yourself and friends a 
special train for the purpose of a trip over this road 
and inspection of the power house. Kindly let me 
know if you decide to avail yourself of this favor 
and oblige 

'* Yours truly, 

'*W. E. Baker, 

*' Superintendent for Receiver." 
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** Chicago, June 4th, 1898. 

** Samuel Insull, Esq., 

** President National Electric Light Association, 

** 139 Adams Street, Chicago. 

*' Dear Sir : It having been suggested that your 
association might be interested in taking a trip over 
our road in the newly-equipped electric cars, it would 
afford us great pleasure to arrange for a train at 
the old Congress street station, No. 47 Congress 
street, at some time convenient to you. 

** Very truly yours, 

** Leslie Carter, 

'' President." 



*' Buffalo, N. Y., June 4th, 1898. 

** Mr. Samuel Insull, 

** President National Electric Light Association, 

** Chicago Edison Company, Chicago, 111. 

** Dear Sir : The steamship * North West ' will 
leave here Sunday evening, June 5th, and should 
arrive in Chicago about seven o'clock in the evening 
of June 8th. It was my purpose to permit a limited 
number of invited guests the opportunity of looking 
through the vessel, but if your association would like 
to visit the ship on the evening of arrival at Chicago, 
I should be very much pleased to extend the exclu- 
sive privilege to yourself and your association, thinking 
that it might be desirable for you all to visit the ship 
and look through her, so as to become familiar with 
the accommodations, before the Northwestern Electrical 
Association get aboard for their trip to Duluth. 

** Will you kindly advise Mr. J. M. Hill, in Chicago, 
if it is your wish to have your association visit the 
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ship on Wednesday evening, and, if so, he will let me 
know in time, so that the vessel may be in readiness 
to receive you. 

** Yours truly, 

** W. C. Farrington, 

** Vice-President." 



*' Executive Office, 
** Detroit, Mich., May i6th, 1898. 

''National Electric Light Association. 

** Gentlemen: The citizens of Detroit send you a 
hearty greeting, and through me, their executive, freely 
extend to your association the hospitality of our beau- 
tiful city, and assure you of a cordial welcome and 
attention if you will meet with us next year. 

** Sincerely yours, 

*' William C. Maybury, 

'* Mayor." 



** Commonwealth of Michigan, 
** Executive Office, 

** Lansing, May nth, 1898. 

** To the National Electric Light Association. 

" Gentlemen : It gives me pleasure to have the 
honor of extending to you a cordial invitation to 
meet in Detroit in 1899. Citizens of Detroit and 
Michigan take especial pains in making visitors 
welcome, and all national gatherings receive particular 
attention. 

** It can truthfully be said that no other city in the 
country has the advantages and convention facilities 
of the beautiful city of the straits. In the past half 
dozen years Detroit has unconsciously made for her- 
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self the name of '* Convention City," until to-day that 
title is applied to her by national bodies as they seek 
out available places for holding coming meetings, and 
to-day Detroit is the choice of more associations for 
the place of their next meeting than any other city 
in the country. 

** Detroit's advantages as a convention city, that are 
worthy of particular notice, are too numerous to men- 
tion in a letter, but among them are the excellent 
facilities for visiting the beautiful parks and Belle 
Isle, numerous waterways, rapid railway service and 
splendidly paved streets for carriage drives, etc. 

**A11 Detroit and Michigan will join in helping to 
make visitors happy, and I trust you will select Detroit 
for 1899. 

'* Very respectfully, 

'* H. S. PiNGREE, 

'* Governor." 



** Detroit, May i6th, 1898. 

** To the Members of the National Electric Light 
Association, 

** Gentlemen : On behalf of the business interests 
of Detroit we extend to your association a most 
cordial invitation to hold its next annual association 
in our midst. 

** You are probably aware of the convention advan- 
tages of Detroit, particularly its superb location, river 
attractions, fine climate and general modern improve- 
ments, but the warm hospitality of Detroiters to 
strangers you must witness to appreciate. 

** We can assure delegates, members, officers and 
their friends a pleasant visit if you will meet with us. 

"The Detroit Convention and 

Business Men*s League, 

**0. A. Bierce, 

** Secretary." 
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The following telegrams were also read : 

** Detroit, Mich., June 7th, i%8. 

''National Electric Light Association, 
** Auditorium Hotel, Chicago. 

*' Detroit's citizens earnestly urge consideration of 
their invitations to hold your next year's deliberations 
in their midst. 

** Wm. C. Maybury, 

'' Mayor." 



** Detroit, Mich., June 6th, 1898. 

** National Electric Light Association, 
** Auditorium Hotel, Chicago. 

*' Business Men's League sends greeting to mem- 
bers of National Electric Light Association, and 
extends cordial invitation to meet in Detroit next 
year. 

**0. A. BlERCE, 

** Secretary." 



The President : It is proposed to take a photo- 
graph of the gentlemen present, if they will permit 
us to do so, on the steps of the main hall of the 
Auditorium, to-morrow morning at half-past nine 
o'clock. 

The Chicago Telephone Company has placed a 
special telephone service in one of the rooms near 
Mr. Porter's office, and has placed an operator in 
charge. It has given us the free use of its city and 
toll lines at any time of the day. This is for the 
use of members and visitors. 
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The American Telegraph and Telephone Company 
— long-distance — has placed its lines at our disposal at 
any time before nine o'clock in the morning and 
after six in the evening, for personal messages, so 
that any of you gentlemen that may be here from 
long distances may talk to your wives and sweet- 
hearts. 

I will now call upon Mr. Calvin W. Rice, of 
Brooklyn, New York, to read a paper on the cost 
of the generation and distribution of a unit of 
electricity. 



Mr. Rice read the following paper : 

ANALYSIS OF THE COST OF THE GENERA- 
TION AND DISTRIBUTION OF A 
UNIT OF ELECTRICITY 



The speaker has been asked at short notice to 
give this paper, which, considering the nature of the 
question, should have several months' labor for its 
preparation. Consequently no original work could be 
attempted. 

I am fully aware of the responsibility of under- 
taking such a discussion, and will therefore confine 
the paper to a r6sum6 of the most reliable data that 
can be secured from literature by recognized authori- 
ties during the last few years. 

It is the intent of the paper to show what has 
been done, what is being done, and what is therefore 
possible, rather than to give theoretical tables. It is 
the intent also to show the advantage of watching 
each one of the various items that go to make up the 
total cost, and, by pointing out the proportions of 
each to the whole, to aid one in the discovery as to 
which particular items are disproportionately large in 
his plant. 

Before taking up the consideration of the cost of 
operation of a plant, we should first consider the plant 
itself. 

TOTAL INVESTMENT PER KILOWATT 

In America, the variation in the investment per 
kilowatt is $200 to $750 per kilowatt capacity installed 
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In a few cases the figure is below $200, and in a few 
as high as $1,000; but in the great majority of cases 
the cost is below $400. 

In this respect American practice is ahead of that 
of Great Britain and the Continent, where the majority 
of plants have a total investment of over $500 per 
kilowatt installed. 

Later in this paper are given figures on some rail- 
way plants in Chicago costing less than $75 per 
kilowatt. I think these figures refer to stations alone, 
whereas the corresponding values for lighting plants 
include distributing systems also. 

The importance of keeping down the investment 
per kilowatt need not be emphasized. 

The principal items that go to make up the total 
investment, are real estate, steam or water-power plant, 
electric plant, distributing system and minor details. 

In the first item we naturally find a great variation 
in the different plants. In country towns it runs as 
low as $25 per kilowatt, and in cities as high as $150 
and over. In other words, there are some plants 
where the investment in real estate alone is greater 
per kilowatt than the entire investment is in others. 

The investment in steam plant varies from $20 to 
$60, with figures on the electric plant slightly greater. 

It is needless to say that the location of the plant 
ought to be considered with reference to all influences, 
each considered separately and reduced to a common 
method of comparison, i. e,, the dollars and cents value 
per year of each consideration. 

For instance, in a large city which I visited a 
couple of weeks ago I observed a new station being 
erected not over one thousand feet from a river, yet 
five or six 1,000-horse-power, non-condensing engines 
were being installed. It is reasonable to assume that 
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the convenience of that site to the main street of the 
city had a greater dollars and cents value than the 
consideration of condensing plus the difference in value 
of the land, as the company had the option to sell the 
present power site to the government and to buy a 
river site for less money. 

In buying the steam and electric plant, however, 
it is essential to consider reliability above every other 
consideration. In emphasizing this point to make it 
the end sought while considering the merits of 
boilers, engines, water-wheels or generators, it should 
be viewed in its broadest sense. It is of assistance 
in examining bids on electrical apparatus or engines, 
to compare the prices per pound, and weight in 
pounds per kilowatt or horse-power, and in consider- 
ing boilers, heating-surface and pounds per horse 
power, as well as price per pound. 

The various methods of rating apparatus and of 
stating its ability to stand overloads are very confusing 
to the purchaser, so that comparisons by pounds develop 
features not otherwise noticed, but worth considering 
carefully. 

Having decided whether or not it is economical 
to use simple, compound or condensing engines, 
decision as to the boiler pressure will follow as a 
matter of necessity, and will in turn decide in part 
whether tubular or water-tube boilers will be advis- 
able. The price per horse-power of boilers is now 
not widely different. 

The advantage of direct-connecting over belt or 
rope-drive is now recognized, so very little need be 
said. The amount of saving has been very carefully 
sought by Mr. Crompton, and in twenty-three of the 
largest English works the results have been tabulated 
as follows : 
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COMPARISON OF FUEL USED 



CONVERTED ALTERNATING-CURRENT SYSTEM 

Cost of fuel B. T. U. in Efficiency B. T. U. per 

v\TnrkM P^^ ""^' ^"^' ^^^ ^^ ^'^ watt- Description 

sold. per watt- tribution. hour of plant 
Cents hour % generated 

Newcastle & Dist.. A 1.60 910 70 218 Steam turbine. 

Leeds B 2.46 800 66 200 Alt'r Rp. Dr. 

Bourne-mouth ....C 8 62 282 60 160 .« i» .. 

House-to-house .... D 896 265 66 175 '* 

Newcastle-on Tyne E 1.28 262 66 178 ** 

Metropohun F 8.60 282 66 158 Mixed system. 

Eastbourne G 2.84 180 6i).8 100 Alt'r Rp. Dr. 

Exeter H 2.70 185 66 89 " '^ 

Average of B,C,D&F 245 161 

MIXED SYSTEM 

City of London.... I 2 48 173 82 141 Mixed sys. dr. 

Chelmsford J 1.92 146 76 112 

Average I&J 150 126 

CONVERTED CONTINUOUS 

Chelsea K 2.22 142 Dyns. driv. dir . 

Oxford L 1.40 88.6 62 55 ^* Rp. Dr. 

Average K&L 115 72 

DIRECT SYSTEM 

Dyns. driv. dir. 

Preston M 2.80 815 08 266 bv d'bleact. eng. 

Liverpool N 1.90 186 75 148 Single act. eng. 

Birmingham O 1.76 188 75 140 

Charing Cross and 

Strand P 2.26 147 90 182 

Hove Q 2.52 147 82 120 

St. James and Pall 

Mall R 1.74 116 95U 110 

Bradford S 1.32 119 88.7 110 

Brighton T 181 117 80 94 ». ». 

Kensington U 1.74 116 86.6 100 

Westminster V 1.56 104 88 92 

Knightsbridge W 1.26 84 91.5 78 

Average NtoW 188 112 

Ideal Works 0.54 86>4 90 82.6 

** The table shows that the cost of fuel averages 46% higher where the dynamos are rope- 
driven than where the dynamos are direct-driven by high-speed engines." 



Great stress is nowadays put upon high efficiency, 
and while this is important, reliability should be the 
principal feature. 

In the present day of good design there is at best 
little to be gained in absolute efficiency, but the cost 
of energy, and the popularity of electric light and 
power will be very much affected, according as it is 
reliable. 



* '* Cost of Electrical Energy," paper by Mr. R. E. Crompton, C. E., before the Institution 
of Electrical Engineers, April 36th, 1894. 
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Good regulation in the station is more important 
than high efficiency. Good regulation in the station 
means ability to use high-efficiency lamps. 

The use of fifty-watt instead of fifty-eight-watt 
lamps means a saving of fourteen per cent directly in 
the lamps and in the copper losses. Relatively this 
increase in efficiency is much greater than is possible 
in any of the various types of boilers, engines or 
generators. Therefore the governing of the engine 
from no load to full load, and the regulation of the 
generators with load thrown off and on, should be 
carefully determined. 

The value of accessories in the reliability of the 
plant and the reduction of labor and attendance is 
important. These accessories are as follows : 
I. Feed-water appliances : 

(«) injectors 

(^) steam pumps 

(^) electric pumps 
II. Boiler appliances (steam or electric): 

(a) forced draught 

(^) mechanical stokers 

(^) super-heaters 

(^) coal handling and storage 

(^) ash conveyors 

III. Cranes: 

Mechanical or electrical 

IV. Auxiliary electrical apparatus : 

(«) boosters 
(^) station motors 
It is not ever advisable to drive the exciters from 
a motor taking current from the main generators on 
account of fluctuations being multiplied. 

But under certain conditions the feed pumps, coal 
and ash handlers, overhead cranes and stokers may be 
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driven with success and economy by either alternating 
or continuous-current electric motors. 

Electricity as delivered at the switchboard is gener- 
ated with economy, and can be used more advan- 
tageously than steam. The inefficiency of steam is 
illustrated in the following table, showing the indicated 
horse power and steam per indicated horse power of 
some of the auxiliary apparatus of the U. S. S. 
" Minneapolis."* 

Steam per 
I.H.P. I. H.P. 
Name of Auxiliary Lbs. Lbs. 

Pump of Starboard condenser.... 1.23 266 

Circulating pump engine 19 55 

Starboard air pump 6.5 183 

Centre air pump 25 78 

Vertical duplex fire pump i 205 

Horizontal duplex fire pump 0.8 319 

Same pump 6.4 156 

Vertical duplex bilge pump 2.5 171 

Fireroom feed pump (vertical du- 
plex) 8.8 91 

Same pump 1.6 243 

Forced draft blower engine (fly- 
wheel) 16 ']'] 

Single cylinder horizontal flushing 

pump • 1.4 194 

An ice machine 6 70 

The use of an oil-distributing system reduces 
amount of oil consumed and the attendance required. 

The air-blast for cleaning around generators is a 
great assistance, saves time, labor and acts as an 
insurance against burn-out. 

This apparatus can now be bought in a combined 

* Steam consumption of the auxiliary apparatus of the U. S. S. '' Minneapolis," p. 381 
March a6th. Electrical Worlds 1898. 



form, so that the same air-compressor and tanks 
furnish air for the oil circulation and for cleaning. 



DISTRIBUTION SYSTEM 



From the station let us go to the cost of the 
distributing system, which is now becoming an enor- 



mous item of expense since underground conduits 
are required in many places. I give the following 
curves, showing the cost per foot of construction 
under Belgian block and asphalt, and with various 
materials of conduit. The cost of underground 



48 

CKifii^ruction complete is about four times that of 
<i»irerbead construction. 

This curve was prepared by the electrical com- 
mission of the city of Baltimore, and from our work 
in Brrxiklyn these curves have been found to be 
f)Tactically correct. We are using cement-lined pipe 
</nIy. The most costly construction is the wrought-iron 
pipe, the upper curve. The lower curves are for 
Camp & McRoy terra-cotta duct. The upper curves 
ref^rcscnt three-inch ducts and the two lower ones 
twr>-inch ducts. 

In the choice of duct and insulation on con- 
ductors, again let me emphasize the importance of 
reliability. With such an enormous investment it is 
almost out of the question to consider material liable 
to break down. 

In the tests which should be required of the cable 
two important features should be made prominent. 
First, the testing apparatus should be at least about 
fifty kilowatts capacity. The seven and eight-kilowatt 
testing transformers, which up to within a few years 
were considered sufficient, were a delusion. When 
it is stated that a cable must stand a test pressure, 
it should be required that that test pressure be main- 
tained at least one hour, as the momentary test is 
not sufficient to develop faults. Make the insulation 
resistance requirements moderate, but insist on the 
test pressure from a large transformer being main- 
tained one hour. 

In the matter of joints employ only the most 
skilled labor. 

PLANT MANAGEMENT 

Cost per unit in what follows refers to 1,000 
watts maintained one hour. 
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The price charged per unit is made up of cost 
and profit. 

The cost may be subdivided as to 

I. Generation and distribution; II. Maintenance; 
and III. Management. 

It may again be divided into (a) material and (b) 
labor; (a) representing (i) fuel, (2) water and (3) 
supplies ; (b) representing (4) wages and (5) super- 
intendence. 



Total 



cost 



or 



price. 



I. 



Generation / f (0 ^^^' 

(a) Material \ (2) Water 

. (3) Supplies 



and 



Distribution 



[ (4) Wages 
(J?) Labor \ (5) Superintend- 



II. Maintenance 



III. Management 



IV. Profit 



I 



ence 



\ 



(6) Material 

(7) Wages 

(8) Superintend- 

ence 



(9) Directors 
(10) Salaries 
[(11) Expenses 

(12) Per cent on 
capital 
(Crompton) 



II. Maintenance is made up of (6) material, (7) 
wages and (8) superintendence, and 

III. Management may be subdivided as to (9) 
directors, (10) salaries and (11) expenses. 

As we compared total cost of plant per kilowatt 
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and found it on the average to be under $400, calcu- 
lations as to cost of operation of plant per unit output 
per year gives that figure to be, on the average, under 
fifty cents. That is, on the average, it requires fifty 
cents' worth of plant to generate and distribute one 
kilowatt-hour per year. 

This immediately brings out an important point, 
namely, load-factor. This feature has been brought 
out with advantage by Mr. Hammond from data 
of the English companies. Such data are not 
obtainable yet in America,* so I quote in full from 
Mr. Hammond's paper. 



"LOAD-FACTOR 

*' Former writers have not failed to dwell upon the 
marked effect which the load-factor has upon the costs 
of production, and in my estimation of the influences 
which bear upon that problem, I place load-factor 
directly after output. Without the latter the most 
favorable load-factor is useless, but combined with a 
healthy output, a favorable load-factor greatly reduces 
costs. 

** So convinced is Mr. Arthur Wright of the impor- 
tance of load-factor, that he offers to supply all his 
customers at three cents per unit for any consumption 
beyond an average of one hour per day of their 
maximum demand throughout the year. 

'* The advantages arising from a high load-factor are, 
however, universally acknowledged, and I therefore 

* Since writing this paper I have learned that Massachusetts has initiated this 
feature ; and I understand that this year data, similar to what follows here for English 
companies, will be required from every one of the stations in Massachusetts. The data 
blanks will be distributed by the Gas and Electric Light Commission. The January report 
for this year is a very interesting report, and, if you have not obtained it, I advise you to 
write for it. It gives valuable data of all the gas and electric light companies of the 
state. 
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pass on to lay before you the data in connection A\^ith 
it that I have been able to collect. 

** These data are not demanded by the Board of 
Trade, and I am much indebted to those works 
engineers who have responded to my request for 
information on this head. 

** I use 'load-factor* in the sense of the ratio of 
the actual units generated to the product of the 
maximum of the year and the total hours of the year ; 
the 'load-factor/ therefore, of 1896 being obtained 
by multiplying the maximum load of 1896 by 8,784 
(z. e,, 366 days by twenty-four hours), and of 1897 
by 8.760. 

•* Though it appears to be the custom at every 
works to record the maximum load, the * units 
generated' are in the majority not arrived at by 
meter, but by calculation, and in some by a process 
which one of my correspondents describes as 
* cooking.' 

*' Under these circumstances I have hesitated about 
dealing with the data, but, finally, being convinced 
of the absolute accuracy of a portion, and of the 
approximate accuracy of the bulk, I have decided to 
set it out, leaving the members of the Institution to 
convince themselves in particular cases as to whether 
the ' units generated ' have been arrived at in an 
accurate manner." 
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TABLE SHOWING (a) LOAD-FACTOR AND (b) UNITS USED 
IN DISTRIBUTION — PROVINCIAL UNDERTAKINGS 



Works ^ .be « o US'- g a 1 §« c 



(5 --9 3 iS »s S «<*« 9 S^ '::.SuCv 

8 CMa o (« >* Soo.S^ c«'a«9o 

_>;_ D H S J « 

Aberdeen 1896 310,185 286,649 848 7.8S 9.46 

Aberdeen 1897 287,07si 817,552 869 9.82 7.54 

Ayr 1896 124.924 191,886 129 16.98 30.10 

Bedford 1896 158,288 208,106 200 11.81 18.65 

Bedford 1897 255,990 842,854 270 14.47 19.26 

Blackpool Ib96 408,667 596,840 690 11.50 81.t6 

Blackpool 1897 681,942 781,289 800 10.48 11.51 

Bournemouth 1896 281.310 804,i24 401 11.20 2618 

Bournemouth 1897 884,406 518,v48 486 12 65 32.56 

Bradford 1896 818,6 3 874,5x5 1,040 9 59 5.35 

Bradford 1897 993,588 1,104,496 1,123 112.3 8.08 

Bri^rhton 1896 1.888,t<21 1,658,576 1,295 14.58 14.02 

Brighton 1897 i;992,527 2,440,171 1,768 15 80 18.76 

Bristol 1896 6.')0,758 b61,U6 766 12 b9 22 25 

Bury 1897 04,162 ^1,790 91 9.00 5.8« 

Cheltenham 1896 105,500 17ii,000 157 12.98 82.07 

Coventry 1896 51,114 79,114 100 9.00 25.20 

Coventry 1897 79.588 l;i8.845 126 1282 8066 

Dover 1896 154,200 207,0)^7 154 15.84 22.82 

Dover 1897 234074 

Dublin 1896 478,647 718.074 511 15.99 32.10 

Dublin 1897 518,812 760,067 541 16.04 29 86 

Dundee 1896 254,278 819,149 346 10.50 11.97 

Ealing 1896 246,902 879,857 350 12.38 82.16 

Eastbourne 1896 208,u94 859,288 221 18.56 89.42 

Eastbourne 1897 240,806 402,068 257 17.09 87.14 
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859,288 


221 


402,068 


257 
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1621 


259,740 


242 


333,000 
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3'^0,905 


325 


400,590 


376 


400,360 


266 


466,362 


310 


239,779 


253 


811.129 


310 


178,681 


152 


221,268 


208 


110,982 


119 


146,631 


190 


1,190,000 


1,010 


3,028.857 


2,738 


900,197 


559 


1,(41, 29 


404 


864,018 


580 
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293,089 
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316,638 
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426,1 b6 


821 


511,845 


892 


88.231 


6S 


44,776 


75 


900.490 


660 


349,920 


354 


408.111 


428 


96.351 


178 


188,947 


216 


105,771 


135 


152,052 


165 


245,397 


231 


686,071 


648 


1,043,428 


886 



Edinburgh 1896 1,721,578 1,917.504 1621 13.48 7.00 

Halifax 1896 177,500 259,740 242 12.21 25.41 

Halifax 1807 240,000 333,000 296 12.12 2043 

Hanley 1896 247 881 3'^0,905 325 11.24 21.37 

Hanley 1897 851,762 400,590 876 12.16 10.93 

Hastings 1896 294,000 400,860 266 17.13 25.80 

Hastings 1897 338.705 466,362 810 17 17 26.82 

Hove 1896 195,915 239,779 253 10.78 1282 

Hove 1897 268,243 811.129 810 11.46 10.40 

Kingston-on-Thames... 1896 155.681 178,681 152 18 46 9.51 

Kingston on-Thames... 1897 194,268 221,268 208 12.46 9.01 

Lancaster 1896 98,977 110,982 119 10.61 7.72 

Lancaster 1897 134,717 146,631 190 8.80 5.88 

Leeds 1897 838,280 1,190,000 1,010 18.44 2748 

Manchester 1896 2,508.568 3,026.357 2,736 12 62 6.86 

Newcastle District. ... 1896 508.894 900,197 559 18.88 89.88 

Ne\^ castle District 1897 -600,971 1,(41,29 404 26.96 88.27 

Newcastle-on-Tyne . . . . 1896 535,953 864,013 560 16.95 84 65 

Newcastle-on-Tyne ... 1697 660,906 1,I54,660 700 17.15 85.59 

Newport 1896 195 982 293,089 192 17.45 28.2» 

Nottingham 1896 171 ,6.V4 183,604 255 8 20 5.00 

Nottingham 1897 297,185 316,636 400 9.01 5.00 

Oxford 1896 260,595 426,( b6 821 15.14 S8.6» 

Oxford 1897 318,087 511,846 892 15.02 33.68 

Pontypool 1896 35,011 88.231 6S 6 39 5.82 

Pontypool 1897 40,468 44,776 75 6.81 6.89 

Portsmouth 1896 639,892 900.490 660 15.57 

Preston 1896 820,600 349,920 354 11.28 4.83 

Preston 1897 871,301 408.111 426 10.80 5.95 

Reading 1896 62,165 96.851 178 6 16 9.88 

Reading 1897 123 702 188,947 216 7.87 7.68 

Richmond 1896 97,044 105,771 136 8.92 6.46 

Richmond 1897 138,916 152,052 165 9.38 7.27 

Salford 1897 111,142 245,397 231 12.12 47.83 

Sheffield 1896 468.427 686,071 646 11.27 23.99 

Sheffield 1897 747,068 1,043,428 886 13 44 28.37 
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Works •« "S 2 o fe^ir-Sg l-S-oc 

[3 .tigs iS x8 rt'-sg^ -sSocg 

>• D H S m] PS 



Southampton 1896 181.843 157.560 187 9.50 14 09 

Southport 1896 246.515 885,864 957 14 91 24 28 

South Shields 1897 109.543 1?8.379 126 12 53 15.67 

Sunderland 1897 116.440 216,28^ 824 11.00 16 82 

Taunton 1896 126,840 164.394 146 13.01 19 01 

Taunton 189?' 140.019 1 8.5«2 16"S 12.^^ 17 98 

Walsall 1896 67,170 110,491 9( 18 88 8271 

Walsall 1897 9«.876 145,606 156 10.72 27.58 

Whitehaven 1896 178,878 169 051 126 17.98 8.87 

Whitehaven 1897 178,072 199.473 170 13 89 7 72 

Worcester 1896 88't.644 424.221 810 15 57 20.0;S 

Worcester 1897 4 8 830 659,275 886 19.00 2697 

Yarmouth 1897 190,000 271,420 218 14.54 25.28 



METROPOLITAN UNDERTAKINGS 

Charing Cross 1896 1.944,402 2,805,721 1,066 24 69 12.98 

Charing Cross 1897 2,615 506 8,167,214 1,878 26 25 14.45 

Hampstead 1896 892,238 515,578 440 18.84 21.46 

Islington 1897 508.572 648,929 585 12 66 15.39 

St. James 1890 2,401,481 9,687.968 2.052 14 91 9.59 

Westminster 1896 8,503.064 4,069,184 8,000 15.44 12.65 

Westminster 1897 4,856,781 6,046,500 8,660 15 78 12.47 

From paper by R. Hammond, before Institution of Electrical Engineers, March 24th, 
1896. 



From these tables there is another point to be 
learned, namely, the percentage of units generated 
that are unaccounted for. This percentage is even 
greater in gas companies, and it is interesting to 
watch the reports from year to year and to see the 
improvement in this matter. The Massachusetts 
report of all the gas companies of that state gives the 

exact number of feet unaccounted for in each com- 
pany. These items, added together, in 1897 amounted 
to 285,000,000 feet. One gas company lost thirty-six 
per cent of its output, and quite a number over 
twenty per cent. 

The largest percentage of unaccounted-for units in 
the English electric stations generating over a million 
units, appears to be twelve and one-half per cent. 
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Quite a number having an output of 5od,ocx) units 
have thirty-three per cent. One station loses forty- 
seven per cent. 

These figures with respect to electric lighting are 
not comparable with gas, for the reason that we allow 
the larger portion of the loss as necessary to the dis- 
tribution. I have no doubt but that a great saving 
may be made in our stations if attention is brought 
to this feature. 

To go back to the total cost per unit, we find, 
comparing again the English stations, as I have been 
unable to obtain such data on American stations : 

The following table by Hammond gives the best 
recorded cost for the years 1894, 1895 and 1896 in 
Great Britain. 



RECORD COSTS 

TOTAL COSTS 
1894 



Units sold (kilowatt-hours) 


Pl&ce 


Year of 


Cost per 


befwcen 




operation 


unit sold 


100,000 and 200,000 


Norwich 


1st 


5.08c. 


200,000 and 350,000 


Leeds 


2d 


6.22c. 


350,000 and 600,000 


Brighton 


3d 


4.60c. 


600,000 and 1,000,000 


Kensington 


4th 


5.72c. 


1,000,000 and 1,500,000 


Manchester 


1st 


4.34c. 


1,500,000 and 2,000,000 


St. James 


5th 


5.88c. 


2,000,000 and 2,500,000 


Westminster 


4th 


5.38c. 


2,500,000 and 3,000,000 


Metropolitan 


6th 


9.04c. 


3,000,000 and upward 




• • • 





1895 



100,000 and 200,000 


Burnley 


2d 


4.44c. 


200,000 and 350,000 


Dundee 


3d 


4.60c. 


350,000 and 600,000 


Leeds 


2d 


4. IOC. 


600,000 and 1,000,000 


Edinburgh 


1st 


3.34c. 


1,000,000 and 1,500,000 


Charing Cross 


4th 


4.42c. 


1,500,000 and 2,000,000 


Manchester 


2d 


3.60C. 


2,000,000 and 2,500,000 
2,500,000 and 3,000,000 








Westminster 


5th 


4.62c.. 


3,000,000 and upward 


City of London 


4th 


7.00c. 



55 
1896 



100,000 and 200,000 


Whitehaven 


3d 


3.50c. 


200,000 and 350,000 


Preston 


4th 


3.88c. 


350.000 and 600,000 


Norwich 


ad 


4 22c. 


600,000 and 1,000,000 


Portsmouth 


2d 


3.42c. 


1,000,000 and 1,500,000 


Glasgow 


5th 


3.84c. 


1,500,000 and 2,000,000 


Edinburgh 


2d 


2.26c. 


2,000,000 and 2,500,000 


St. James 


7th 


4.58c. 


2,500,000 and 3,000,000 


Manchester 


3d 


2.goc. 


3.000,000 and upward 


Westminster 


6th 


4.18c. 



We find the cost of coal varies from $3.50 to 
$5 per ton, and yet the cost of fuel per unit has 
been kept down in a great many plants to one cent. 
So far as I am advised, there is only one state in 
our Union which gives such data officially, namely, 
Massachusetts. 

A very interesting report of one of the continental 
plants is that of the polyphase station of the Budapester 
AUgemeine Electricit'^ts Gesellschaft : 

*This station has been in operation since 1893. 
The electric light in Budapest is supplied by two large 
central stations, one working on the polyphase system 
and the other on the simple alternating system. The 
polyphase currents are transformed into continuous 
current by rotaries to 230 volts on the three-wire 
system. 

The station consists of six 300-kilowatt, two-phase 
generators driven by triple-expansion engines. The 
coal is Ostrauer nut, and makes 7.4 per cent refuse. 
On an average during the winter months the efficiency 
of the entire system is sixty-seven per cent. The 
results of the plant are given in the following table: 

1894 1895 1896 

Gross production 1,200,000 units. 1,900,000 2,800.000 

Highest load 15,000 i6-c. p. 1. 17,000 2i>ooo 

Lowest load 2,000 i6-c. p. 1. 3,000 9,000 

Gross watt-hours per lb. ) ^^^ 

of coal \ ^3" 575 57i 

^London EUctrieiam^ June iSth, 1897. 
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Consumers pay twenty cents a unit for light and 
sixteen cents for power. 

*I give below the average cost of coal and con- 
tract price per arc lamp per year in about one thousand 

stations in the United States. No distinction in price 
per 2,000 or 1,200 candle power is made in averaging, 
on account of the great variation in price; a 2,000- 

candle-power lamp in one place with high-cost coal 
sometimes selling for less than a i , 200-candle-power 
with low-price coal. 

Hours Contract Price C. P. per 

per Coal per per per hour 

State year ton year hour for ic. 

Alabama 4«ooo $1.92 $89 $0,021 791 

Arkansas 3»396 2.30 121 .034 390 

California 2,885 1-^^ ^ ^^ •°45 4^9 

Colorado 3,413 3.18 129 .042 558 

Connecticut 2,730 4.28 86 .035 452 

Delaware 4,000 2.32 i ro .028 728 

District of Columbia. .. .4,000 106 .027 452 

Florida 2,179 Wood 118 .054 222 

Georgia 3,434 1.36 84 .034 775 

Idaho 4,000 W. P. 1 14 .028 703 

Illinois 2,789 1. 19 77 .031 654 

Indiana 2,682 1.79 79 .033 634 

Iowa 2,870 1.57 86 .032 641 

Kansas 2,734 2.02 97 .040 532 

Kentucky 3,063 1.20 88 .032 672 

Louisiana 4,000 2.38 1 28 .032 627 

Maine 2,629 5.00 67 .031 575 

Massachusetts 2,705 4.05 94 .037 375 

Maryland 4,000 3.00 1 28 .032 626 

Michigan 3.465 2.70 77 .024 748 

Minnesota 3,i33 3-4i 98 .036 606 

Mississippi 2,179 2.33 102 .047 367 

Missouri 2,917 2.54 83 .032 667 

Montana 4,000 4.00 131 .033 440 

Nebraska 2,894 2.21 109 .041 465 

Nevada 3,68o 9.50 144 .039 306 

New Hampshire 2,583 4.42 82 .036 444 

New Jersey 3,615 2.70 105 .032 611 

New Mexico 3,275 3.92 123 .045 558 

New York 3,387 2.87 94 .028 627 

North Carolina 2,572 3.30 97 .029 521 

^General Electric Co. Lighting Dept. Sutistics. 
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Hours Contract Price C. P. per 

per Coal per per per hour 

State year ton year hour for ic. 

North Dakota 4,000 $6.35 $120 $0,030 666 

Ohio 3,350 1.56 79 .025 785 

Oregon 3,689 W. P. 128 .035 569 

Pennsylvania 3»93i i-S^ 86 .022 869 

Rhode Island 2,912 3.85 102 .037 459 

South Carolina 3,088 2.65 83 .031 501 

South Dakota 3,680 5.50 125 .034 590 

Tennessee 4,000 2.08 88 .022 765 

Texas 3,472 3.13 109 .037 615 

Utah 3,545 2.63 75 .023 872 

Vermont 2,254 4.37 85 .039 630 

Virginia 3,723 3.07 76 .022 651 

Washington 3,479 2.75 128 .039 510 

West Virginia 3,089 .90 79 .027 639 

Wisconsin 3,^57 3-^3 81 .030 630 

Wyoming 3,545 1.58 166 .052 352 

Total average 3*326 $3.03 $101 $0,034 580 

46 states — 1,000 central stations. 

^Statistics on English lighting plants : 

Cost plant Average 

I>er K. W. Cost per selling 

K. W. installed unit price 

Bristol 945 $517 6.38c. 10.62c. 

Brighton 1,200 601 4.72c. 9.42c. 

Bradford 1,400 255 4.48c. 9.56c. 

Dover 525 270 8.34c. 10.76c. 

The highest point for cost of fuel of any of these 
enterprises was 3.24 cents per kilowatt-hour, and the 
lowest 1.08 cents; but the conditions are so different 
that an analysis cannot be made, although the Brighton 
plant is one that is handicapped. 

A, B, C and E in the following table are large 
stations containing the most expensive machinery. 
No expense has been spared in their construction, 
and, in consequence, fixed charges are extremely high. 

Station D is a representative city station of mod- 
erate cost and high efficiency. 

* Electrical Engineer^ p. 393, April 14, 1898. Claud P. D'Oyly. 
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Stations F, G and H are city stations of moderate 
cost. They are not of absolutely modern construction, 
but at the time of their erection were as perfect as 
money could make them. 

Station I is a model station of small size, running 
an extremely variable load. 

Station J is a large city station running under 
favorable conditions. 

The points of interest in the table are ; 

ist. Cost of coal. This averages one-half cent per 
unit. This is less than in the ideal station of Mr. 
Crompton. We get the advantage of cheaper coal in 
America. The wages item is less in these railway 
plants than in any English lighting station, but it 
should be remembered that the figures on these rail- 
way stations refer probably to generation only. 

• Slml Railviaf Jturital, JanuaiT, iS^j, L. D. T»ndy. 
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If we take the pounds of coal per unit, and divide 
i,ooo watt-hours by it, we shall obtain 256. 

At this point, it is interesting to turn back to your 
1896 meeting in New York, and to the paper by Mr. 
Swetland, chairman of the Committee on Data. 

From the examination of eighty-one reports using 
coal as fuel, the average efficiency is 108 hours per 
pound of coal. 

We are thus able to compare these two series of 
stations, and find that the average efficiency of the 
lighting is less than half the railway companies; also 
that the average of these railway stations is above the 
highest efficiency of the 1896 report, but was equaled 
in 1895 in the report of one lighting station only. 

It is interesting to compare these reports with the 
Budapest Gesellschaft, where the lowest efficiency for 
the last three years is 432 watt-hours per pound coal, 
showing there is yet much to be gained. 

Below is the report of some of the Chicago rail- 
way plants: 



COST OF OPERATING RAILWAY PLANTS 





C. C. Ry. Co. 
No. I 


C. C. Ry. Co. 
No. 2 


M. W. S. Sta. 


Kilowatt caoacitv 


5,250 

$73-33 
385,oto.oo 

1.067,900 

I0.0049 

.0004 

.0022 

.0001 


5.280 

$75.75 
400,000.00 

2,375.000 

$0.0039 

.0003 

.0007 

.0001 


4.500 

$141.33 
363,000.00 

1,460,000 

$0.0033 

.0001 


Cost per kilowatt ini tailed . 
Cost of station 


Units, output per year. . . . 
Fuel oer unit 


Water oer unitl 


Labor oer unit 


.002 r 


SuDDlies oer unit 


.0004 




Total 


$0.0076 
.0018 
.0015 


$0.0048 
.0008 
.0007 


$0.0059 
0022 


Interest 


Depreciation 


.0018 


c 

Total 


$0.0033 
.00002 


$0.0015 
.00003 


$0.0040 
.00003 


Repairs 




Total 


$0.0109 


$00064 


$0.0103 





^Street Railway Journal^ May, 1897. 
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A carefully-prepared paper by Mr. Horatio A. 
Foster on the cost of steam power, read before the 
American Institute of Electrical Engineers a year ago, 
emphasizes the fact that there are very little reliable 
data on American plants. 

Below are his results on twenty-two plants. 

** The plants on which tests were made for cost of 
power were : 

** Two electric lighting stations 

" One grain elevator 

** Three water-works pumping stations 

** Two flouring mills 

** Six cotton mills 

'* Four newspaper and printing offices 

'* One department store 

** One furniture manufactory 

'* One bakery 

*' One glazed and fancy paper manufacturing com- 
pany. 

*' It will be seen that in rated capacity the plants 
vary from 40 horse power to 2,500, and in value per 
rated horse power from $23 to $89 in steam-power 
plants, or as high as $368 in water-works pumping 
stations. 

'* While the type of boiler used leans largely to 
the plain, old-fashioned return-tubular, with the excep- 
tion of the cotton mills, the types of engines are 
almost as varied as the number of plants. 

'* In fuel, soft coal or slack of soft coal largely 
predominates, and a considerable use of mixtures of 
the latter with dust from the yards and hard-coal 
slack will also be noticed, which is largely due to 
efforts to reduce the smoke nuisance." 
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a 
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o 
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1 

2 

8 

4 

5 

6 

7 

8 

9 

11 

18 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 



OUTPUT 



b0 



nil 

>J3 2 > 



7 
4 



296.7 

tlO.9 

58.8 

12.4 

21.5 

70 4 

1,845.5 

129.8 

1,852 

8U 

42 

178 

58 

20.9 

8i.9 

106.7 

1,174.8 

926 
2,422 
1,909.7 
1,278.7 
1,010.86 



8oSC 



78 
85 
47 
81 
88 
82 
54 
78 
62 
38 
39 
58 
82 
82 
41 
84 
98 
98 
97 
95 
91 
81 



5, 



o 



297 
290 
366 
861 
861 
366 
866 
866 
866 
866 
866 
818 
809 
866 
380 
813 
806 
807 
806 
806 
293 
806 



Time per day 



e 

9 
O 

S 



84 

24 

24 

9 

9 

28 

11 

12 

84 

24 

24 

8 

16 

24 

10 

9 

9 

9 

9 

9 

9 

9 



9 

O 



27 



« • 



30 

• • • • 

20 
50 
40 
40 
40 
40 
40 
40 



el 

X 



7.128 
6,960 
8,18.^ 
8,067 
8,711" 
7.461 
4,008 
4,544 
8,760 
8,887 
8.756 
989 
4,790 
8,110 
8,410 
3,076 
2,958 
2,963 
2,958 
2,958 
2,831 
2,958 
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9 



$86.10 

88.00 

86.8J 

48.98 

28 82 

84.00 

11.75 

18.26 

18 76 

86.71 

'26 54 

1198 

24.48 

49.80 

968 

5.46 

7.62 

8.64 

11.12 

8.76 

7.40 

8.89 



t 
9 



$10 96 

18.26 

44.60 

8t.l8 

61.09 

66.07 

8.90 

9.82 

18.00 

81.68 

6449 

8.58 

S5.6n 

66.80 

8.74 

7 48 

1.88 

2.20 

8.18 

226 

2.41 

2.24 



a 
a 

9 



$16S 

8.94 

9.90 

9.18 

7.84 

6.0B 

.66 

.68 

2.74 

8.70 

8.96 

1.06 

2.86 

8.88 

2.98 

1.86 

.54 

.62 

.81 

.88 

.46 

1.36 





OPERATING EXPENSES 


FIXED CHARGES 


V 


c 
a 
o 

• 

o 


01 

i 

PC 


u 


5 
o 

H 


C 


c 

'■*•» 
.SS 

a 


2 

9 

(0 

C 




o 

H 


"Si 

o 

U 


1 


$5.77 

1.18 

8.60 

1.62 

1.24 

5.40 

2.01 

.72 

8.58 

10.22 

1.39 

.88 

1.9J 

3.69 

1.22 

.58 

.21 

.27 

.56 

1.66 

.28 

3.82 


$0.96 

■ • • > 

2.90 
4.13 
1.98 
2.18 
.07 
.77 

• • • • 

• • • • 

• • • • 

.22 

2.78 

6.10 

.10 

.81 

• • • • 

• • • • 

• • • • 

■ • • • 

• • • 


$16.66 
40.88 
97.80 

147.93 
90.47 

101.69 
28.28 
80.14 
88.03 

187.25 

86.38 

2.66 

56.94 

128.12 
22.56 
15.19 
10.19 
11.78 
15.67 
13.40 
10.49 
15.70 


$2.56 

2.61 

18.87 

9.46 

8.13 

5.77 

8.71 

2 97 

13.10 

44.10 

26.41 

3.40 

7.29 

10.79 

1.88 

1.57 

2.80 

8.68 

2.88 

2.62 

2.67 

8.04 


$8.52 

2.80 

12.2 ( 

11.62 

6.98 

924 

5.21 

5.28 

12.78 

48 40 

28.29 

822 

9.57 

13 88 

8.76 

2.02 

285 

8.98 

2.85 

8.21 

2.96 

8.36 


$1.07 

1.50 

2.61 

1.89 

1.94 

4.62 

.26 

1.16 

3.58 

1.80 

1.48 

1.46 

1.19 

2.15 

.19 

.7* 

.85 

.20 

.26 

.22 

.16 

.24 


$0 67 

.96 

6.10 

2.43 

.76 

1.13 

.24 

• • • • 

• • • • 

7.80 
7.07 
.56 
1.46 
2.15 

• • • • 

.14 
.60 
96 
.75 
.58 
.64 
1.10 


$7.81 

7.85 

88.82 

25.40 

17.80 

20.78 

9.42 

9.41 

29.41 

96.70 

68.20 

8.63 

19.51 

28.42 

5.88 

4.47 

5.50 

8.77 

6.73 

6.63 

623 

7.74 


$58.87 
48.19 


2 


3 


181.12 


4 


173.88 


6 


108.27 


6 

7 


122.45 
82.70 


8 


39.56 


9 


62.44 


10 


238.96 


11 

12 


149.58 
31.29 


18 


76.45 


14 


151.54 


15 

16 


28.39 
19.66 


17 

18 


15.69 
20.50 


19 


22.40 


20 


2).06 


21 


16.72 


22 


23.44 
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COST PER HORSE POWER PER HOUR 





OPBftATING EXPENSES 


FIXED CHARGES 


Cost per horse 
power 


4J 
C 



• 




S 

bi 

«i 


a 
a 

9 

f/i 


1 




o 
H 


c 

•-4 


e 

.a 

Q 


o 

c 

e 

¥-4 




"3 


1 

2 
8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 


$.00867 
.00816 
.00445 
.01594 
.00778 
.00455 
.00296 
.00402 
.00167 
.00441 
.00808 
.01276 
.00511 
.00608 
.00»1 
.00178 
.0025<) 
.00292 
.00877 
.00296 
.00-281 
.00301 


$.00154 
.00191 
.00548 
.02740 
.01876 
.00788 
.00222 
.00216 
.00148 
.00981 
.00622 
.00910 
.00582 
.00688 
.00256 
.00244 
.00062 
.00074 
.00107 
.00076 
.00085 
.00076 


$.00024 
.00057 
.00122 
.00297 
.00198 
.00068 
.00014 
.00018 
.00081 
.00104 
.00045 
.00112 
.00049 
.00109 
.00065 
.00014 
.00018 
.00021 
.00027 
.00028 
.00016 
.00946 


$.00081 
.00016 
.00044 
.00053 
.00088 
.00072 
.00051 
.00016 
.00040 
.00128 
.00016 
.00094 
.00040 
.00044 
.00036 
.00018 
.0000^ 
.00009 
.00019 
.00058 
.0n008 
.00109 


$.00018 

• • • • • 

.00086 
.00185 
.00058 
.00028 
.00002 
.00017 



.00028 
.00057 
.00075 
.00008 
.00011 

•••••• 

•••••• 

•••••• 


$.00640 
.00580 
.01195 
.04820 
.02440 
.01861 
.00585 
.00664 
.00877 
.01650 
.00986 
.02415 
.01190 
.01520 
0J661 
.00494 
.00845 
.n0396 
.00580 
.00458 
.00870 
.00532 


$.00086 
.00087 
.00171 
.00808 
.00218 
.00077 
.00092 
.00065 
.00149 
.00580 
.00802 
.00862 
.00152 
.00188 
.00055 
.00051 
.00078 
.00124 
.00098 
.00089 
.0^091 
.00108 


$.00049 
.00040 
.00151 
.00879 
.00188 
.00124 
.00181 
.00116 
.00146 
.00522 
.00828 
.00818 
.00199 
.00161 
.00110 
.00065 
.00079 
.C0I88 
.00096 
.00109 
.00104 
.(0114 


$.00015 
.00022 
.00082 
.00062 
.00052 
.00062 
.00006 
.00026 
.00040 
.00015 
.00016 
.C0155 
.00026 
.00020 
.00005 
.00024 
.0000(> 
.00006 
.00008 
.00007 
.00005 
.00006 


$.00009 
.0C014 
.00068 
.00079 
.00020 
.00015 
.00006 

«••••• 

.00094 
.00081 
.00058 
.00080 
.00026 

•••••• 

.00005 
.00021 
.00082 
.00025 
.00019 
.00020 
.00087 


$.00109 
.00118 
.00417 
.00828 
.00478 
.00278 
.00285 
.00207 
.00836 
.01161 
.00722 
.00918 
.00406 
.00850 
.00171 
.00145 
.00186 
.00-^5 
.00227 
.00224 
.00220 
.00262 


$.00749 
.00698 
.01618 
.05648 
.02918 
.01641 
.00820 
.00871 
.00718 
.02811 
.01708 
.08388 
.01596 
.01868 
.00682 
.00689 
.00531 
.00691 
.00757 
.00677 
.00590 
.00794 



In conclusion, I wish to say that if I may have 
the assistance of the members, by providing me with 
data, by next year I can prepare a more helpful 
paper, going more carefully into the question of calo- 
rific value of the different coals used and of the 
different types of plants. 



DISCUSSION 

The President : Gentlemen, Mr. Rice's paper is 
now before you for discussion. The topic for discus- 
sion following is, " Prices and Discounts for Electric 
Currents, and Methods of Billing Current to Cus- 
tomers." The two subjects are so closely related that 
in discussing Mr. Rice's paper the members should 
feel at liberty to discuss the question of cost and 
selling price. 
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Mr. Scovil : In the beginning of Mr. Rice's paper 
is the following paragraph : 

'* In America, the variation in the investment per 
kilowatt is $200 to $750 per kilowatt-capacity installed. 
In a few cases the figure is below $200, and in a 
few as high as $1,000; but in the great majority of 
cases the cost is below $400." I should like to ask 
what is meant by the word ** investment ?" 

Mr. Rice : As I understand, the data given, in 
the literature that I have quoted, cover the entire 
investment in the development of water-works, if it 
is a water-works plant, or the steam plant, buildings, 
real estate, distributing system, whether underground 
or overhead, to the meter of the installation in the 
consumer's plant. 

Mr. Scovil: Does it cover royalties? 

Mr. Rice: So far as I know, it does. 

Mr. Ayer : There is a note in the paper where it 
speaks about the losses or unaccounted watts devel- 
oped in the lighting station, as compared with gas ; 
the indications are that the losses are from different 
sources. I ask Mr. Barker his understanding of it. 
Is it not a fact that the gas losses are due to 
condensation and leakage, quite as much as the watt 
losses are due to line losses ; in other words, are they 
not in both cases losses in distribution ? 

Mr. Rice : I shall have to ask the assistance of 
some manufacturer of gas. 

The President : The question was addressed to 
Mr. Barker. 

Mr. Barker : Mr. President, I think that Mr. 
Rice has indicated rather more correctly than Mr. 
Ayer the different causes of line losses in the distri- 
bution of gas and electricity. Losses in gas distribu- 
tion are almost entirely from leakage. The conden- 
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sation loss, if the gas is properly made, and sent out 
in proper condition, is reduced to a very slight 
percentage, and the large losses of which you hear, 
are due to leaks at the joints or actual breaks in the 
mains. Where extensive improvements are being 
made in the streets, whether by use of steam rollers 
upon the surface, or by construction under ground of 
sewers, water pipes and electrical or other conduits, 
the unusual strains imposed upon the pipes are sure 
to make considerable losses of gas through the open- 
ing of the joints and the actual breaking of the pipe 
itself. The causes of loss in distribution are therefore 
somewhat different in the supply of gas from those 
in electric light, although, as the principles governing 
the distribution of electricity are better understood 
and more carefully applied, the losses in the electrical 
supply may be reduced to so low a percentage as to 
compare favorably with the best results in gas distri- 
bution. 

Mr. Coggshall : Is it your theory that the loss 
in gas is greater than that in electric light ? 

Mr. Barker: From my observation, I should say 
that at present the percentage of loss in electrical 
distribution is much greater than in the distribution 
of gas. 

Mr. Coggshall : I will state that our loss of out- 
put by alternating current from the first of January to 
the first of April was fifty-three per cent ; we collected 
for forty-seven per cent. I account for it by the 
fact that the loss largely existed in the transformers. 
Our day output is small ; we run twenty-four hours a 
day the entire year, and, so far as we can indicate it, 
the loss in the daytime for about eight hours is equal 
to twenty-four horse power, without receipts to amount 
to anything to speak of. 

6 
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Mr. Wagner: In that connection I would suggest 
that the losses may be accounted for in the fact that 
the meters do not register the full amount of the 
current that is used. From my observation, I should 
say that those figures are nearly correct for the usual 
alternating-current stations in small cities. The effi- 
ciency of distribution is rarely much over fifty per 
cent ; the loss aggregates nearly fifty per cent. With 
a direct-current station it is somewhat less. 

Mr. Coggshall : I agree with the last speaker in 
regard to the loss in electric meters. We put in a 
meter at the Normal school, and found that it took 
over twenty amperes to make it work at all. 

The President : Gentlemen, we are drifting away 
from the subject in hand. The question of loss in 
distribution will come up to-morrow. The question 
now under discussion is the cost and selling price of 
current ; and I should say, in order to be specific, 
the cost and selling price of the units we produce. 
The question of the influence of loss on it will come 
up in to-morrow's discussion. 

Mr. Dow : I should like to get a certificate of the 
accuracy of the statement regarding the Budapest sys- 
tem. It is referred to on page 55 of the paper, and 
the London Electrician is given as the authority. It 
gives the gross watt-hours per pound of coal as 575 
and 571 respectively. It is specifically stated that it 
is gross watt-hours, and the station is described as a 
station where the difference between apparent and real 
watts would be quite considerable. The figures seem 
almost impossible, but Mr. Rice has no doubt given 
them careful consideration. 

Mr. Ferguson : In connection with what Mr. Dow 
says as to the figures for the Budapest system, and 
his doubt of their correctness : The Budapest station 
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pays more for coal than we do, so that the figures 
571 are possible, with coal at $4 or $5 a ton. On 
that basis, if they pay $4 a ton for coal, I think the 
figures are correct. It costs them more for coal at 
Budapest than it does at our best American stations. 
If they pay $3 a ton for coal it costs them more than 
it does in the best American station. 

Mr. Dow : With all due respect to the Budapest 
statements, I do not think they are correct. The 
main engines alone might accomplish that result ; it is 
possible to get them down to about one and four- 
tenths pounds of coal ; but to get the whole 
plant down to such a figure, seems to be out of the 
question. There is a mistake of about two hundred 
watts. 

Mr. Creden: Some of the figures presented in 
Mr. Rice's paper are indeed extraordinary, and even 
the best engines constructed could not produce suffi- 
cient steam economy to substantiate such low coal 
consumption per watt-hour of output. Suppose the 
highest grade of anthracite coal were used, coal 
evaporating^ gay; 11.5 pounds of water from and at 
212° Fahrenheit, equivalent, let us say, for sake of 
argument, to 10.5 pounds, from the usual conditions 
of feed-water temperature and steam pressure met with 
in electric light plants; and, further, suppose the engines 
were of such type of multiple expansion with con- 
densers, with the dynamos direct-connected to the 
shafts of the engines, and such engines used only 
twelve pounds of steam per indicated horse-power 
hour, then the watts produced per pound of coal con- 
sumed would not exceed 560. These figures are far 
more economical than any engines we have in this 
country will produce, and do not represent the average 
twenty-four b6urs' run of an electric-light plant, since 
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no allowances are considered for the consumption of 
steam in auxiliaries, such as pumps of all kinds used 
in electric-light stations, nor for the large radiation 
and condensation losses, which frequently run to twenty- 
five per cent and more, so that the 560 watt-hours 
per pound of coal is a very remote figure. 

The Chicago-Edison company's Harrison street 
station, representing the very highest type of electric- 
light plant, with a load curve such as few stations 
have, produces a kilowatt-hour at its switchboard from 
a consumption of about thirty pounds of steam 
averaged during a day's run of twenty-four hours. If 
we used the best grade of coal known, we should 
require, therefore, about three pounds of coal per 
kilowatt-hour, and hence produce about three hundred 
and fifty watt-hours per pound of coal." 

(The president here requested Vice-President 
Stetson to take the chair.) 

Mr. Insull : I have here a chart that shows the 
average cost of various operations in connection with 
our operating expenses, and the interest portion of 
the operating expenses. The columns here show the 
interest charges with different character of load-factors. 
I present this to you now, as it is a matter bearing, 
not only on my own remarks, made a short time 
since on the question of cost and selling price, but 
also upon the paper just read. These figures are 
taken from our actual balance sheet of the year. 
The largest amount of expense of any particular 
character is general expense. The reason for this is 
that one-third of the expense is in getting new 
business ; one-third administrative expenses and the 
balance insurance, taxes and similar items. For 
instance, take the question of street repairing ; that 
item will go down continuously as your load increases. 
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The biggest item of expense, apart from general 
expense, is lamp renewals, as Mr. Rice indicated 
when he referred to the question of regulation being 
more important than the question of economy. This 
column refers to lamp renewals, and the last one to 
fuel ; the latter being about twenty-five per cent of 
the former. The important point that the chart 
brings out is the interest cost. You might have all 
of your operating expenses presented to you, outside 
of interest, and then you could lose money ; it would 
be possible to do such a thing if your selling price 
were not on the right basis. Here is a case of a 
^.7 load-factor. It is ah office building; an actual 
case, not an extreme case. I could show you cases 
where the load-factor would be much poorer 
than that, but in that case the interest charge is 
eighty per cent of the total operating charge. Here 
is a case of an ordinary fancy store — these cases are 
taken from the actual bills — and you see there that 
the interest charge is a little less. The importance of 
the interest charge in this case will be brought home 
to you when I tell you that the difference between 
six and five per cent in the price you pay for your 
money, and whether you sell your bonds at ninety 
per cent or sell them at par, makes a difference of 
sixteen to twenty per cent in the cost of operating 
expenses. That statement alone will show you that 
the general public is more interested than we are in 
the question of protecting us in our right to do 
business. 

Now we come to the all-night restaurant, where the 
load-factor is forty-eight per cent ; the interest charge 
is only twenty-six per cent of the total expenses. 
These are the two extreme cases I mentioned to you 
in my opening remarks. In this case [indicating] 
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you could sell current to a man at about a quarter 
of what you could sell it to this man, and make 
more money out of the former than out of the latter. 
You will find that the same relation goes all the way 
through with the different classes- of business. Power 
business is not quite so good as all-night lighting 
business; the load-factor is about thirty-five per cent, 
and the interest expense thirty-two per cent. With 
a dry-goods store the interest is about forty per cent; 
with a small lunch counter the interest is forty-five 
per cent, and with a saloon the interest is fifty-two 
per cent. 

It is generally supposed that the best business is 
the power business. I remember in the early days, 
when the rates were established to foster the power 
business of the Edison Electric Illuminating Company 
of New York, the claim was made that you could 
afford to sell power at one-half the price if your 
current was going to be used for power when it was 
not going to be used for light. We have found that 
the power curve and the light curve cross each other 
for sixty days during the winter, and the claim that 
was made for the power business has proved a fallacy. 

In your lighting business — I am talking to people 
using large stations — ^you can get a class of business 
that will yield you a bigger return on your investment 
from lighting customers than from power customers 
at a low rate, because the interest cost, if you have 
a fifty per cent load factor, is only twenty-five per 
cent of the total cost ; whereas, with power custom- 
ers the interest is about thirty-five per cent. This 
chart, properly studied, should enable a man running 
the Chicago Edison company to make a price list 
that would fit all kinds of customers. If we can do 
that in our business, surely you people can do it in 
your business. 
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You will find, too, that the adoption of a system 
of rates that will take care of these different condi- 
tions, will affect these items very materially. It will 
not affect lamp renewals, of course. It will certainly 
affect station repairs, general supervision, station 
labor, fuel, and also general expenses. In other words, 
it will affect by far the greater proportion of your 
expenses outside of interest charges; besides very 
materially affecting your interest charges, by putting 
your revenue on such a basis that it is in proportion 
to the interest you have to pay to take care of the 
customer whom you are supplying with current. Your 
business should be on such a basis that you get a 
return on the investment that you have to provide 
for each separate customer. This subject came up for 
discussion last year, at Niagara Falls. One gentleman, 
who, I am sorry to say, is not here to-day, took the 
ground that we had to sell the product at the same 
price to everybody. If you do, you are selling your 
product at different prices to everybody, because your 
cost varies according to conditions. Take, for instance, 
this case : That office-building customer won't enable 
you to pay interest and depreciation on the 
investment. You may have to take him as good 
business policy, but do not fool yourselves, when you 
put on 5,000 lights in an office building, that you are 
going to make any money on them. We do the 
largest office-building business in the country, and I 
am perfectly willing to say to you that I do not 
believe we make any money on it; we take it as a 
matter of policy. If the expenses of a station are 
followed out in this way, you can get a great deal 
more out of the method by which you sell than you 
can out of the method by which you produce. 

Mr. Armstrong : What would you call your stand- 
ard rate? What would be your base rate? 
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Mr. Insull: I never expect to sell to that man 
below twenty cents a kilowatt-hour, unless the con- 
ditions of production change. 

Mr. De Camp : Mr. Armstrong means whether 
you establish a base rate for the least- desirable cus- 
tomer and work down, or whether you take a base rate 
on the most-desirable customer and work up. 

Mr. Van Trump : How do you distinguish between 
your customers ? 

Mr. Insull: It is simply a question of whether 
you are going to do it by figuring on lamps connected, 
which is fallacious, or adopt some scheme that enables 
you to register the maximum load. 

Mr. Hubley : How can you regulate that plan on 
a meter basis ; different rates for different services ? 

Mr. Insull : There are various ways of arriving 
at that. 

Mr. Hubley : I do not see how it could be done 
on a fiat rate, on a contract basis ; I do not see how 
you could do that without a great deal of computa- 
tion. 

Mr. Insull: Do you mean a meter fiat rate, or 
contract basis? 

Mr. Hubley : Contract basis ; so much a month. 

Mr. Insull : We should go into the hands of a 
receiver on that basis. 

Mr. Hubley : Do you use meters here under 
that plan ? 

Mr. Insull: Yes, sir. 

Mr. Barker : You spoke of the different classes of 
business earning a certain percentage on the invest- 
ment. How do you apportion the investment among 
the different classes of business? 

Mr. Insull : On our maximum output per year. 
We take an investment of that kind, and divide the 
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one by the other, and get the investment per unit at 
the maximum output. Then we get the maximuni); 
demand upon us for current from the customer, and in 
that way we can figure his load-factor. As we know 
what it costs for our investment per maximum unit 
of output, and as we know our customer's demand 

Mr. Hubley : How do you know that? 

Mr. Insull : There are a number of ways of 
arriving at it. You can use a Bristol recording watt- 
meter, or you can use some kind of indicator that will 
show it; there are a number of ways. We use the 
Wright demand meter. 

Mr. Wendle : In towns of 25,000 people there 
are a number of small customers whose maximum 
demand may not be five lights ; they are very desir- 
able customers. What would you do in their case ? 

Mr. Insull: If your smallest customer is a man 
that burns one light, and burns it five hours a day, 
he is likely to buy it at a rate of a little over one-half 
a cent per lamp-hour. 

Mr. Wendle: How small a customer can you 
afford to take ? 

Mr. Insull: It depends upon the efficiency of the 
lamp. If you will give us a twenty-five-watt lamp, 
we will take a customer whose demand is twenty-five 
watts. 

Mr. Wendle : Can you afford to do that with the 
Wright demand meter? On what number of lamps 
do you use the meter? 

Mr. Insull: Mr. Ferguson, what customers can 
we afford to take ? 

Mr. Ferguson: We take any and every customer 
on the Wright demand meter basis, and we have a 
uniform schedule of prices for everybody, based on 
one cent per lamp per hour ; that is the base rate. 
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We charge the full rate of one cent per lamp per 
hour for one hour per day, as the maximum demand, 
and for all watt-hours beyond that hour we charge a 
half rate, forty or sixty per cent, or anything you 
please. In regard to the question of what customers 
you can afford to take, that would involve a great 
deal of calculation. The simplest way is to charge a 
minimum bill to each customer, which will cover the 
smallest customer. If you charge a minimum bill for 
services furnished, that will cover interest and depre- 
ciation charges on the cost of the investment used. 

Mr. Scovil : I should like to know whether the 
chart that you have shown, and the percentages you 
gave, do not include a great many motors that are 
used for electric power, such as elevators? 

Mr. Creden : Yes, it does. 

Mr. Scovil : I simply want to have it understood 
that Mr. InsulFs deductions from his chart, as to the 
desirability of power as a load-factor on the station, 
are not altogether to be accepted from the showing 
made by the chart ; for the reason that that chart 
includes in it many motors used on electric elevators, 
in which the power factor is very small ; that motors 
used only for manufacturing purposes have a much 
higher power factor, and are entitled to a much better 
rate. 

Mr. Insull: I do not say that power is not 
desirable business. 

Mr. Scovil: It is good lighting that is as good 
as ten-hour motor power, ordinarily. 

Mr. Insull : I do not wish you to think that we 
do not cater for power business. We have nearly 
9,000 horse power in motors connected to our circuits. 

Mr. Coggshall : You charge one rate for one hour 
a day, and another rate for the rest of the day ; bow 
do you do it? 
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Mr. Insull: That is called the two-rate system; 
it is done by a meter with two dials. I think this 
subject is the most important one that we can con- 
sider ; r devote more of my time to it than to any 
other one subject connected with our business. If 
you want details on the subject, as we have them in 
Chicago, we shall be glad to give them to you at our 
office, or we will answer any further questions. The 
way you sell the current has more bearing on the 
cost and profit than whether you have the alternating 
or direct-current system, or a more economical or less 
economical steam plant. 

Mr. Wagner : I understand from your remarks 
that the Chicago Edison company is going to use the 
Wright demand system of charging, which is a very 
thorougb way of providing for all these different classes 
of service. I should like to know if there is anyone 
here that accomplishes nearly the same thing by any 
other method ? 

Mr. Dow: I have been into this thing up to my 
neck. I suppose that remark will interest a good 
many members here from small towns, say of 25,000 
inhabitants. We have more than 25,000 people, but 
we have not money enough to buy Wright demand 
meters for all our customers just yet ; we are going 
to do so some day. However, we use demand meters 
on a number of customers ; we use them when there 
is doubt of arriving at the demand by any other 
means. We do not believe it necessary to leave them 
on continuously, but we put them on long enough to 
make certain that we have ascertained the average 
demand for the current twelve months, and in such 
cases we take the demand established by meter, and 
base a contract on it with the customer for the current 
twelve months. We say to him that he shall pay for 
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that amount at the maximum rate, and everything 
beyond that at a minimum rate ; and at the end of 
twelve months we will again meter in the same way, 
and reserve the right to put the meter on at any 
time, to satisfy ourselves as to what the actual demand 
is. In some places we leave the meters on contin- 
uously. We should do so all the way through but 
for the one point of not having money enough to 
put them on everybody. 

Mr. Aver : I think it would be interesting to 
the members that did not attend the last convention, 
when the Wright demand system was described, to 
have a brief description of it given here by Mr. Dow. 

Mr. Dow : The Wright demand meter is thus 
far the most satisfactory' method of recording the 
maximum that a customer takes at any time. The 
principle is the same as that which governs the 
registering thermometer. You know the style of 
thermometer, — which not only shows the present 
temperature, but which leaves at the highest point it 
reaches a little globule of colored alcohol, so that 
anyone, on inspecting the thermometer, can tell, not 
merely the present temperature, as he can by looking 
at any other thermometer, but he can also tell to 
what point the alcoholic column has risen since the 
thermometer was last set. The setting is accomplished 
by shaking down the retained globule, and the process 
of resetting in the Wright meter is the same. The 
meter is a system of tubes containing a fluid that is 
expanded by the heat generated by the electric current, 
and it leaves an indication showing the maximum 
current that has gone through the instrument since 
last set ; not that the customer has used so many 
ampere-hours, but that at one time he called for 
current at the rate of so many amperes. That indicates, 
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of course, the largest amount of machinery you have 
to install to take care of that customer. There are 
lots of buildings where there may be four or five 
hundred lights connected, but never all burning at 
once, and the number of lights that may be going at 
any one time is an important factor in cost of supply. 
What you want to know at the station, is how much 
machinery, you must provide to take care of that 
man's load. In other words, you want to know what 
your interest charges will be to provide for that man's 
business. The Wright demand meter records the 
largest call that the customer has made upon the 
station since the last setting. 

Now, to answer the question raised, as to how 
anyone has reached the same result by other means. 
In the matter of arc lighting, practically nine-tenths 
of the business is with customers whose '' lamps 
connected" are all turned on at once. If a man has 
ten arc lights, he is likely to use all at the same 
time, so that in a majority of cases the number of 
arc lamps will be an exact measure of the demand. 
With certain classes of motors the same thing applies; 
not with all classes, by any means, because there is 
nothing more frequent than a motor running at a much 
less load than its rating ; the elevator motors, to which 
Mr. Scovil referred, are an instance. Then, there is 
a large amount of motor business where you can put 
on an ammeter occasionally, and ascertain the largest 
demand. As we are situated now, we have been 
trying to develop the motor business and inspect 
motors frequently ; and we have not so many that a 
faithful man cannot visit them all in five weeks, and 
as we use the ammeter, we are not missing anything ; 
but our method of checking depends on personal 
knowledge,^ and can only be looked upon as a 
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makeshift. It does not compare with the Wright 
method, although as a temporary device it fills the 
bill. Beyond these, you have still another class of 
customers: small barber shops, saloons, cigar stores, 
news stands and fruit stands, that use only a few 
incandescent lights and keep open long hours. They 
are good customers, and their demand is practically 
the same as the number of lamps connected. Finally, 
there is the general use of incandescent lights, where 
some meter must be used. We use the Wright meter 
on these customers. 

If there is any place where a demand meter is a 
good thing, it is in a residence. You know how 
residence-lighting bills vary. You have the man that 
says : '* I have a great many rooms in my bouse, and 
you have sized it up and made the bill accordingly. 
I have only three persons in the house, and this bill 
is big enough for ten." The demand meter stops 
the talk, and shows that he turned on so many lights 
at one time. There is the other man, who burns 
only five or six lights from dusk until ten or eleven 
o'clock at night. He is a good customer, and the 
demand meter gives him all he is entitled to. The 
only objection to the demand meter is from the man 
that has a great deal of decorative lighting. We have 
houses where, out of 200 lights connected, there are 100 
decorative lights. They are burned only occasionally, 
and something must be done to encourage the use 
of these lights without raising the indicated demand 
too much. Mr. Wright turns off the demand meter 
for this kind of customer when the customer gives 
notice of an entertainment that will use the decorative 
lights. 

We expect to use the Wright demand meter all 
through our residence business. In the meantime, as 
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a makeshift, I have assessed each house according to 
its size — assessed it for the *' demand," I mean — to 
give the amount that will be charged for at the max- 
imum rate before the second rate applies. A cus- 
tomer pays the water rate that way and house rent 
that way ; and, while the system as applied to lighting 
may not be perfect, still, it will serve the purpose for 
a while ; and when the man with three in family 
complains of a high assessed **demand," and points to 
the smallness of the family, I tell him that I regret 
that his family is so small, but that I am not pre- 
pared to give him advice as to how to increase it. 

I find the method of the high base rate and the 
small second rate to work very equitably indeed, 
and we have found a gratifying increase in power, 
arc lighting and incandescent lighting among the 
small customers, who are usually desirable, from the 
application of the method. Our base rate is sixteen 
cents per kilowatt-hour. It should be higher for office 
buildings, and such ; twenty cents would let us out. 
The second rate is five cents. The result is excellent, 
and I can recommend that way of making rates as being 
a good one, even wfien you know what a man is going 
to use. When you charge a customer for 365 hours 
at sixteen cents, and all the rest at five cents, even 
though the business would foot up just the same at 
an average rate of six cents, it is a better policy than 
to give the customer a rate of six cents to begin 
with. If you put him on the six-cent rate and he is 
economically minded, he will try to save money by 
cutting off the lights when the rate is six cents an 
hour all through ; but in the other way he regards the 
five-cent light as very cheap, and will burn a good 
deal of it. 

Mr. Wagner: How do you arrive at the assess- 
ment on residences, which you spoke of? 
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Mr. Dow: We arrived at it in this way: We 
considered that many of our residence customers used 
gas in servants' rooms, pantries, laundries, basements 
and back halls. These same customers used electric 
light in their parlors, dining rooms and family and 
guest chambers. We thought it best that the serv- 
ants' rooms, etc., should not be taken into account 
in assessing the premises. So we prepared a blank, in 
which the rooms were listed in two columns : parlors, 
etc., in the first column ; servants* rooms, etc., in the 
second column ; and we premised that the demand in 
any house ought to be proportional to the number of 
rooms in the first column. Then we made a thor- 
ough canvass of all our customers in a representative 
residence district, ascertained the distribution of their 
rooms, and compared the figures obtained with their 
bills for the past twelve months. We arrived at the 
conclusion — after taking into account our standing 
charges and running charges — that the figure for each 
room in the first column, to be paid for at the maxi- 
mum rate, should be three units per month. Thus, a 
man that had a ten- or twelve-room residence gets 
six or seven rooms — say six rooms — listed in the first 
column, and he is charged at the high rate for six 
times three, equal to eighteen units of supply, on 
each monthly bill, at the maximum rate of sixteen 
cents per unit ; and for all current used in excess of 
eighteen units, at the maximum rate of five cents per 
unit. 

It is too early as yet to say that the application 
of the demand system to the residence business is a 
success, but the first results are good. In many cases 
where gas was formerly burned excepting in a few 
rooms, electric light is being used throughout the 
house. One very good symptom is that electricity is 
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being used more freely in servants* rooms. We think 
that the winter season will show a decided increase in 
our output. 

Mr. Wagner: Does not that complicate the 
system of billing? 

Mr. Dow: We bill units in all cases; the form 
has a blank line for units at base rate of sixteen cents, 
and another line for units at second rate of five cents. 
On the meter blank, the base is marked in red — 
eighteen units at sixteen cents, equal to so many 
dollars and cents. 

Mr. Wagner : You have to collect all the data 
for each customer? 

Mr. Dow: With the residence customers only. 

Mr. Wagner : We have 75,000 incandescent lamps 
in residences alone in St. Louis. 

Mr. Dow: We have 21,000. I do not know of 
any other way of doing it. After you once do it you 
have it ; it is part of the record. 

Mr. Robertson : In formulating a scheme for the 
adoption of the Wright demand system, I found a 
ceitain class of business that I did not know how to 
handle ; it comes from lodges, churches, etc. 

Mr. Dow : Mr. Wright maintains strongly that the 
relation of the annual station demand and customer's 
demand to the time at which the demand takes place, 
is of no consequence ; but I feel that it is, so I have 
reclassified all these certain lines of business, which 
include these troublesome customers mentioned, who 
think that they ought to have special rules. I have 
churches, lodges, schools, banks, on special rates. Our 
annual peak is due to the sixty days' crossing of meter 
and lighting loads. The banks are off before the 
great bulk of business comes on. I established for 
them, on the same set of calculations, a rate that is 
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equitable, and that is known as the church, bank or 
lodge rate. It is got at in the same way. 

Mr. Wagner : I think we might hear more about 
the details of the system of the Chicago Edison 
company. 

Mr. Ferguson: Mr. Dow made the statement, 
that he could not afford to buy demand meters ; that 
he would do it after a while, but cannot afford to do 
it now. After listening to what he said I think he 
is much mistaken ; I think he is spending too much 
of his valuable time in attempting to understand the 
personal characteristics of his customers. I am sure 
that if he does that properly, if he ascertains the 
characteristics of his customers so well that he can 
approach the work done by the Wright demand 
meter, he must employ a large force of assistants ; 
and when we consider that the cost of demand 
meters is small in proportion to the total investment, 
and consider the immense amount of business that 
can be obtained by using them, I think he can well 
afford to buy them. We will suppose that in Chicago 
we have 5,000 customers, and that the cost of the 
instruments would be something like $50,000 for all 
these customers. We should not spend the entire 
sum in one year ; it would take some time. Our 
business has improved largely by the use of these 
meters, and we cannot get instruments fast enough. 
We have made contracts on the Wright demand 
basis, and a month has passed and we have not the 
meters installed in all places yet. It seems to me 
that any central-station man can well afiford to borrow 
the money, even at a very high rate of interest, as 
Mr. Ayer has just suggested, and purchase the meters. 
The additional business that can be obtained by the 
use of such instruments will, in a few years, more 



than compensate for the total investment, by having 
an instrument to measure the current properly. We 
have listened in these conventions to papers showing 
the economy to be effected in generation, distribu- 
tion and that sort of thing. It seems to me that 
there is more money to be made in the intelligent 
selling of your product than in attempting to intro- 
duce further economies in operation. With an instru- 
ment like the Wright demand meter you are put in 
a position where the instrument does for you what 
you would otherwise have to do by skilled labor at a 
very high cost. I say this from experience. For 
three years I have personally negotiated contracts for 
the Chicago Edison company on a basis similar to 
that described by Mr. Dow. I have had customers 
come in to the office, have talked with them to ascer- 
tain the conditions under which they burned their 
light, and have made prices, with fifteen, twenty-five, 
and even up to sixty-five and seventy-five per cent 
discount, depending on the conditions under which 
they used the light. Since we have put in the 
Wright demand system the work is lessened, and I 
am able to give my attention to other things and let 
the meter do the work for me. There are other 
methods, of course, of getting at the information, 
and we have used them. We have used, for instance, 
the Bristol recording ammeter, which is useful for 
ascertaining the maximum load in any customer's 
premises. It is a slow process, and can only be used 
in large installations, like hotels and theatres, where 
you desire to make a uniform discount for the entire 
year, which is practically the same as selling current 
on the Wright demand system. It is the real load- 
factor system, as it is the only system based on the 
load-factor. If you know by the Bristol recording 
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instrument that the load-factor is fifty per cent you 
can make the rate for the entire year at a uniform 
discount, which is the same as putting in the Wright 
demand instrument. It is tedious, however, and 
much more expensive than buying the instruments 
and asking them to do the work for you. 

In further reference to this question of dealing 
individually with customers, especially in residences, 
upon which Mr. Dow dwelt particularly, * the load- 
factor varies greatly, and you cannot classify resi- 
dences ; it is almost impossible to do so. We may, 
for instance, have a man that has 200 lights in his 
house at $25 a month, and have another man with 
twenty-five lights, whose bill is $20 a month. The 
latter would be entitled to a twenty-five per cent 
discount on the basis of twenty cents per kilowatt- 
hour for the first hour and ten cents per kilowatt-hOur 
for the succeeding hours. The load-factor would be 
over twenty per cent. Theatres use the light for short 
periods, and the load-factor is small. Hotels are about 
fifty per cent ; large dry-goods houses fifty per cent, 
and residences vary all over the line. We have not 
yet published the fact that we are selling electric light 
on the Wright demand basis ; we have, however, 
instructed our men to take all new business on that 
basis. We sell direct-current arc lamps at a flat price 
per week from dusk to midnight. With the excep- 
tion of that and the power business, it is all done on 
the Wright demand basis. We put our arc light and 
incandescent light on the same meter. The reading 
of the demand meter is made at the same time as the 
reading of the wattmeter. The wattmeter is placed 
on the wall, and the demand meter under it. The 
latter is graduated in kilowatt-hours, the same as the 
wattmeter. 
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You take here the reading of the wattmeter, 5,000, 
and here the Wright demand meter is 2,000. The 
customary basis for the 2,000 kilowatt-hours is twenty 
cents, and ten cents for 3,000 kilowatt-hours. The 
reading of the demand meter is very simple. I have 
a graded scale taken from a Wright demand meter 
that we use, showing the gradations of it. The basis 
on which we charge is a combination of the Wright 
demand and the two-rate systems. We charge at a 
certain rate in winter and at a different rate in sum- 
mer. For the six months in winter we charge twenty 
cents per thousand watt-hours for the first hour and 
one-half of daily use, and ten cents for the bal- 
ance; and in summer time we charge twenty cents per 
thousand watt-hours for first half-hour's daily use, and 
ten cents for the balance. I know that it is custom- 
ary to divide the year into four parts, and take the 
average of the maximum output. With the American 
method of doing business, that is impossible ; we can- 
not wait three months for our money. Instead of 
that, we take the nearest approach to it It is not 
absolutely and scientifically correct, but we record the 
maximum in each individual month, and we let each 
individual month stand by itself, and make our calcu- 
lations on the basis of the maximum in each of the 
six months, beginning with April, and charge the full 
rate for the first half-hour's use, and in the other 
months the full rate for the first hour and one-half 
of use, and the scale is graduated. 

(Mr. Ferguson then drew the following diagram, 
and said :) 

The left-hand column is the winter scale ; the right- 
hand column is the summer scale. Our real object 
in charging at a lower rate in summer than in winter 
is to induce people to use the service during a time 
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when our machinery is lying idle. The maximum 
load is in winter, afid during the summer there is a 
great deal of idle machinery. We get people to use 
more light and power in the summer. 

In a supposititious case, we will say, a man takes 
5,000 kilowatt-hours at the full rate of twenty cents, 
which will be $1,000, and 3,000 kilowatt-hours at half 
rate, $300; his bill will be $1,300. 

Mr. Insull: Is that on the basis of low maxi- 
mum ? 

Mr. Ferguson : Reversing it. Suppose the watt- 
meter showed 5,000 lamp-hours, and this instrument 
showed that the watt consumption at the high rate 
was 6,000, then his bill would be $50, because he 
ought to pay a higher rate than a cent a lamp-hour, 
for the reason that the demand meter has registered 
6,000 lamp-hours. 

Suppose his maximum here were only 500 and his 
total consumption 6,000 lamp-hours; then he would 
V^y $5 for the 500 lamp-hours, and $22.50 for the 
remainder, and his bill would be $27.50, which is 
forty-five per cent discount. The customer should use 
his service about ten hours a day on that basis. You 
can make the rate anything you please : Twenty cents 
for the first hour and eight cents for the remainder ; 
or six cents, four cents, three cents, or whatever you 
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choose ; that is simply a matter for each individual 
city. 

Mr. Robertson: Do you take into account the 
maximum demand coming at one time in one case 
and at another tinle in another case ? 

The President : You will find that the average 
maxima of your customers is about one-third higher 
than the maximum of your station. 

Mr. Ferguson : The sum of the customers' max- 
ima is one and one-fourth times the absolute maximum 
of the station. I neglected those cases that Mr. 
Robertson asks about, because they are not worth 
bothering about. I brought that question up with 
Mr. Wright at the convention last year at Niagara 
Falls, and showed him that if a man used his service 
from four o'clock until twelve he ought to have a 
lower rate ; but the number of customers in this class 
is so small that it does not affect the system. You 
must not discredit the system because you have some 
few customers that want to be treated on a special 
basis. 

Mr. Robertson : It is in the company's favor to 
disregard it. 

Mr. Weeks: There have been few discussions 
before this association, Mr. President, of greater 
importance to central-station interests than that to which 
we have just listened. In the cost of our product, 
the relative value of the interest factor has been 
forcibly and clearly shown, and the necessity for 
revision of rates or discounts has been ably demonstrated. 
In my judgment, the method employed by Mr. Insull, 
or a slight modification of it, will soon come into 
general use. In one respect, however, the practice as 
stated strikes me of questionable equity, if not 
expediency, and I should like to ask Mr. Insull what 
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has been the effect upon your revenue of the low 
rates for summer service? 

Mr. Insull: We do not know yet; we have on 1^ 
put them in operation during the last few ^'months: 

Mr. Weeks : It seems to me that it is somewhat 
inequitable to make a lower rate for transient summer 
service, such as that of the customer that operates a 
fan but a few weeks or months, at most, in the year, 
while his rate on account of the interest factor should 
be higher, rather than lower, than that for most other 
classes of service. 

Mr. Insull : That is a discrepancy, but we have 
a large by-product that we want to sell, which usually 
lies idle in the summer ; and we endeavor to dispose 
of if to these casual users. 

Mr. Weeks : What would be the effect of this 
system or the Wright system upon the present rates 
for municipal lighting ? What would be the rate on 
municipal lighting ? 

Mr. Insull: It would be very low. 

Mr. Weeks: Have you determined that? 

Mr. Ferguson : The municipal light runs about 
twelve hours It depends upon whether it is a 
moonlight schedule or an all-night service. It would 
not get so low as you are selling it now. You can 
readily see that if you make the rate twenty cents 
for the first hour and ten cents for everything after 
that, the maximum discount will not reach fifty per 
cent. It is something higher than that now. It is 
the same as if you figure ten cents per kiiowatt-hour. 
You will have to make the second rate low enough 
to figure out the same kilowatt-hour that you are now 
charging for the arc-light service. That must be 
arranged in each individual city. 

The President : We should be pleased to hear 



from Mr. Rice, if he has anything further to say on 
the subject. 

Mr. Rice: There is one point of which I wish to- 
speak. These curves of costs of plants show the 
figures during the last four years of the " record " 
plants of England. These curves show plants having 
outputs of between 500,000 and 4,000,000 units. It 
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is interesting to observe that the largest plant shown, 
the Westminster plant, is only about one-quarter as 
large as that of the Edison company of Chicago. 
The cost was eight cents per kilowatt-hour in 1890; 
in 1897 it had dropped to a little over four cents. 
The smaller plants have, perhaps, one-hundred-kilowatt 



capacity. Their costs in 1890 were about nine cents a 
kilowatt-hour and in 1896 four cents ; the Portsmouth 
plant, having a maximum output of 800,000 units only, 
is down to three and one-half cents, whereas the record 
of the largest plant in England is four and one-fourtb 
cents per kilowatt-hour. 

Mr. Ferguson : This method should be carried 






further, and is to be carried further. You can 
readily appreciate that fifty per cent discount, or ten 
cents per thousand watt-hours, is not low enough to 
get all the business. To take out isolated plants, 
you will have to sell current at five cents an hour, 
and perhaps as low as four cents.- To take care of 
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the large business, it will be necessary to give a 
quantity discount beyond the discount that you give 
by the combination of the high and low rate. But 
that wholesale discount should be based only on that 
portion of the current that is sold at the low rate ; 
you should not discount the high-rate portion, but 
only the low-rate portion. The high-rate portion is 
intended to cover the interest charges, and if you had 
a customer that had 10,000 lamps and was billed 
$2,000 under the Wright demand system he would 
be entitled to ten per cent or fifteen per cent discount; 
whereas if you gave him discount for quantity, it 
would be forty per cent, which would be unfair to 
the small customer. The intention is to give the low 
rate to the long-hour burner. 

On motion, the meeting adjourned until three 
o'clock. 



SECOND SESSION 



President InsuU called the meeting to order at three 
o'clock, and announced the first business to be a paper 
on public lighting with relation to public ownership 
or control, by Mr. Alex Dow, of Detroit, Mich. 



Mr. Dow presented the following paper: 

PUBLIC LIGHTING IN RELATION TO PUBLIC 
OWNERSHIP AND OPERATION 



This paper is written to set before the association 
a proposed policy. It is not a new policy in its parts ; 
neither is it an untried policy. It is applicable imme- 
diately to public lighting; that is to say, to the light- 
ing of streets and public places under contract with, 
or on account of, a municipality. Ultimately, its 
application may be more extensive. 

It is the belief of many members that the National 
Electric Light Association should formulate and pub- 
lish a well-considered method of dealing with this 
business. While local conditions differ, there is no 
local difference in the principles that should govern 
electric-lighting companies in their dealings with 
municipalities and municipalities in their dealings with 
electric-lighting companies. An authoritative state- 
ment of these principles is needed. A statement by 
the association may be accepted in the first place only 
by the electric-lighting companies, but if the principles 
so stated are intrinsically correct, their acceptance by 
the municipalities must follow. No city government 
will persist in a course that is plainly inequitable. 
City governments have in certain cases acted inequit- 
ably in the matter of public lighting, but their action 
has not been plainly inequitable. In such cases, prin- 
ciples have been obscured by details or by person- 
alities, or have been distinctly understood only by the 
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parties on both sides of the case. The public does 
not seek to be served at the expense of the individual 
Public opinion may at times be biased, but it intends 
and endeavors to be just; and under our scheme of 
government public opinion is the final authority, and 
an appeal to public opinion is the ultimate means of 
redress for any grievance. 

The advocates of municipal ownership have long 
recognized the value of public opinion, and have pre- 
sented their case, both to the people of the country 
at large and to the citizens of selected municipalities, 
through magazine articles, newspaper discussions and 
addresses to public gatherings. Some of our members 
have met these arguments in kind, and have confuted 
extravagant statements by the presentation of facts. 
But the man who is plainly arguing in his own interest 
is handicapped in a debate before a non-judicial 
tribunal as against those who claim to be disinterested. 
And it is not to be denied that the arguments which 
have had most influence on public opinion in this 
matter, are those of theorists, who certainly believe 
that they are doing the world a service, who are 
usually misinformed, always impracticable, but thor- 
oughly in earnest. 

A declaration of principles by this association, and 
the recommendation to its members of a policy based 
on those principles, would have greater weight with 
the public than the statements of individual companies, 
and would be accepted as authoritative over a wider 
area. But even if not accepted by the public, its 
immediate acceptance by our own members will be 
useful. That each member must act for himself is a 
consequence of the conditions of our business ; but 
that all should act on similar lines is possible and is 
desirable. Each of us looks to other cities than his 
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own for light on problems that are new to him. 
Each of us, by a successful solution of any problems, 
benefits the industry at large, and on the other hand, 
he who fails to appreciate and to properly deal with 
such a problem as this, injures, by his failure, not 
only himself, but all of us. Therefore it is well that 
we should agree on general principles, and that we 
should advise with one another on special cases. 

Let me make this general statement more specific. 
The member of this association who, by good service, 
by close figuring of expenses and of profits, and by 
clear statements and logical arguments, convinces the 
authorities of his own city that it is to their interest 
to leave their public lighting in his care has done all 
of us a service. The member who, on the other hand, 
fails to recognize the drift of opinion among his fellow 
citizens, who tries to convince them that unsteady and 
uncertain lights are worth a high price, who depends 
for the retention of his city-lighting contract on an 
appeal to the technicalities of his state law, or to the 
pockets of the venal members of his local Board of 
Aldermen,, and who thereby brings about the erection 
of a municipally-owned electric-lighting plant and the 
publication of the bare running costs of that plant in 
parallel columns to the prices which he wished to 
charge, — the member who does these things that he 
ought not to do, and leaves undone those other things 
that he ought to have done, is a detriment to the 
industry throughout the entire Union. 

I have indicated why I believe that a declaration 
of principles and of policy is desirable. The principles 
to be declared will need little discussion, but the pol- 
icy that to me appears best may, when examined by 
others, appear to require amendment, or even radical 
change. It is offered to you for consideration in the 



96 

belief that it is logical and that it is practical ; but 
as a proposition for discussion and amendment, rather 
than as a perfected plan. 

A CHAPTER OF ELECTRIC-LIGHT HISTORY 

In the history of street lighting by electricity, no 
chapter contains more profitable matter for study or 
for illustration of general principles* than that which 
contains the record of the city of Detroit. That city 
was one of the first to use electric lights on its streets. 
It began in 1883 with twenty-two arcs, and in 1884 
abandoned all other street lights. This street-lighting 
business was believed by those who first engaged in it 
to be a monopoly secured by patent rights ; they found 
their mistake after much money had been invested 
under that belief ; competition ensued ; then consoli- 
dation, and finally municipalization of the service. I 
shall find it convenient to refer to Detroit for more 
than one modern instance. 

In February, 1896, the city of Detroit owned 
1,500 arc lamps and was operating 1,492 of these in 
the work of street lighting. In the same jnonth the 
successor of the Brush Electric Light Company, 
which installed the original twenty-two lamps in 1883, 
and which, until 1890, lighted the streets under con- 
tract, owned 1,049 ^^^ lamps, and used in private 
lighting 433 of that number. Another company, 
organized in 1890 to compete with the Brush Electric 
Light Company, owned 1,330 arc lamps and was 
using in private lighting thirty-eight of these. In 
each case there accompanied the arc lamps a sufficient 
number of dynamos, engines, boilers, etc., and a 
building fully equipped for the operation of the 
number of lamps stated. At the same time the city 
had in use 134 towers, which had been formerly 
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owned by the Brush company, and the other com- 
pany was in the act of taking down and removing 
from the streets 104 similar towers, which had formed 
a duplicate of the Brush company's equipment. The 
necessary lines to connect lamps distributed over a 
large city, had been owned by all three. The city 
had in use 329 miles of overhead wires, connecting 
to its 1,492 lamps. Neither of the companies had 
owned such a great mileage of line, but one had 
taken down lines and poles that had supplied 719 
lamps, and the other was in the act of removing lines 
and poles that had connected in 1,279 lamps. 

Some of the Brush company's street-lighting equip- 
ment had been during the preceding five years 
diverted to the supply of commercial lights. Never- 
theless, two-thirds of that equipment is to the present 
day a useless asset. Lamps that were bought at $40 
have proved impossible of sale at one-tenth of the 
price. Dynamos that cost $2,400 cannot be sold to-day 
for $240 Lines taken down returned only a small 
percentage of their cost to the treasury. The towers 
which this company sold to the city did not bring 
their original price — that goes without saying — but 
they brought a fair price. 

The loss of the second company was greater. 
Changes in the business had made their street-lighting 
arc lamps unavailable for commercial use, or almost 
entirely so. Similar changes had made their dynamos 
a slow asset. The engines were partially diverted 
into commercial service and the boilers entirely so. 
The wire taken down was not of a size that would 
fit in to their commercial-lighting system, and the 
poles hardly paid for the labor required for their 
removal. The 104 towers — one of the heaviest of all 
the original expenses — had to be sold as scrap iron. 

8 
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A DESTRUCTION OF VALUES 

It is clear that a loss to some person or persons 
was involved in conditions which reduced machinery 
and lines capable of supplying over 2,000 arc lamps 
to approximately their junk value. Leaving out all 
questions as to personal fault — neither affirming nor 
denying that the loss fell upon those for whose 
economic blunders it was the inevitable punishment — 
it is certain that there was a loss to the community 
at large ; that property which might have been, and 
which had been, capable of doing good service to the 
public, was as surely destroyed as if it had been swept 
out of existence in a great fire. 

It may be asked, on whom did the loss fall ? In 
social economy the loss of one is the loss of all, but 
to our customary modes of thought there appears a 
difference between losses borne by ourselves immedi- 
ately and those which are apparently borne by other 
people. In this case, the greater part of the loss was 
borne by business men of the city of Detroit. It was 
a reduction of the available capital of men engaged 
in productive industry in the city. This reduction — 
this absolute loss — after correcting for inflated values 
that should have been written off long before the 
period of liquidation ; after correcting for securities 
issued for cash at less than their face value, or for 
considerations that were valued at more than their 
true worth, was not much less than $400,000. 

I do not ask you to sympathize with the immedi- 
ate losers, but I ask you to remember as my argu- 
ment proceeds that this loss came about in consequence 
of business methods and of social tendencies that are 
in active operation to-day in nearly every town repre- 
sented in this association. And I submit, as a prin- 
ciple not admitting of dispute, that the duplication of 
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an effective equipment for public lighting is an 
economic error, entailing loss of available capital to 
the extent of the duplication. 



IMPROPER COMPETITION 

The first error in Detroit was the offer to the city 
of competition for the public-lighting contract The 
men that made the offer knew perfectly that their 
success would mean a heavy loss to the original 
contractors, but they were willing to make a profit 
through other people's losses. In this they disregarded 
a principle much older than the electric-lighting busi- 
ness — that which calls on us to do to others as we 
would that others should do to us. Some of these 
men doubtless thought that they were doing the city 
a service by providing competition, but the managers 
of the manufacturing concern which was the majority 
stockholder and chief promoter in the new organiza- 
tion, had no such excuse. Their object was to sell 
machinery. I do not ask you to condemn these 
people now. They have reaped as they sowed, and 
the exploitation of competing lighting companies by 
manufacturing concerns is a thing of the past, although 
its consequences in the shape of inflated capital are 
likely to be a burden for years to come. 

I submit, as a direct application of the principle 
last stated, that competition for public-lighting con- 
tracts, for the execution of which there is already an 
effective equipment in existence, is not legitimate 
business. The corollary of this statement is that the 
price at which public lighting is to be performed 
must be determined by some acceptable means other 
than competitive bidding. In this there is a departure 
from the established method of municipalities, which 
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now depend on competition for the setting of prices 
on all public services performed by contract. 



wanted: a substitute for competition 

In the absence of some other acceptable means of 
setting a proper price for public lighting by contract, 
public opinion will not tolerate the suppression of 
competition. A reference to Detroit illustrates this 
very well. When the second company had, by making 
a lower price, and by meeting the demand of the 
public for the undergrounding of wires in the business 
district, secured a three-year contract for public light- 
ing, its managers found themselves in a precarious 
position. It was apparent that at the term of the 
contract they would again have to reduce prices to 
meet the competition of the original contractor, who 
could not afford to have his plant standing idle. It 
was also immediately apparent that the idle plant would 
be, as far as possible, diverted into private-lighting 
work and would there also tend to reduce prices and 
to divide the available business. Legal questions as 
to patent rights added to the difficulty of the situa- 
tion. An attempt to combine the two interests was 
plainly necessary, and it was made ; but the inevitable 
personal soreness prevented a combination until the 
new company had completely duplicated the equip- 
ment of the old one. 

• Of course the public became advised of the cessa- 
tion of competition, and the advocates of municipal 
ownership made the most of the facts and added 
much fiction. Long before the contract had expired 
it was plain to any careful observer that it could not 
be renewed at anything like the former figure, and 
that the tendency of public opinion was strongly to 
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municipal ownership. It was a period of '* reform," — 
I use the word in its political sense — one of those 
periods when the taxpayers, usually content to be 
bossed unquestioningly by the practical politicians, 
insist on calling the particular bosses of the hour to 
an accounting, and expect to find that they are ras- 
cals. And as the public's way of having an account- 
ing is to discharge its servant first and take up the 
reckoning afterward, the public servants of such peri- 
ods are quick to fall in with the drift of public opin- 
ion, in order to show that they either do not deserve 
discharge or are fully justifying their appointment to 
their new situations. Politicians are wise at such times ; 
lighting companies are sometimes very foolish. 

So the cry went up that there was no such thing 
as competition in the lighting business ; that the men 
engaged in that business all intended to rob the pub- 
lic, and that if they appeared at times to compete 
with one another it was only a temporary falling out 
among rogues. And the public being told on the one 
hand that all existing lighting companies were com- 
posed of rascals, and on the other that all municipally- 
owned plants were successes, made up its mind that 
its only salvation lay in municipal ownership. 

You can see, and any careful student can see, that 
the suppression of competition was inevitable, because 
its continuation meant a cumulative loss to those 
engaged in it. Possibly the public might have been 
made to see this, although the time to have begun 
work on the public was before the first loss due to 
competition had been incurred. But merely to prove 
that competition was impossible, would not have been 
enough. It must further be proved that competition 
was unnecessary, and the only way to do that was to 
offer good service at an acceptable price. Under the 
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Circumstances the price might have to be very low 
indeed, for the belief was abroad that the business was 
enormously profitable at the established rates. The 
figures sent forth by certain municipal plants were 
quoted as warranting this belief, but these could have 
been contradicted. It was possible to send to Bay 
City and to Topeka a competent engineer — say one 
of the professors of the University of Michigan — 
whose dictum would be accepted by the newspapers 
and their readers, and so to obtain the true figures. 
It was possible to answer in a similar manner the 
argument based on the competing bid at the last let- 
ting of the contract. That argument was that any 
business which justified the erection of a complete 
manufacturing plant on the security of a three-year 
contract, must be exceedingly profitable. The con- 
tract price was a good one, but it would not pay for 
the plant in three years, as the public of Detroit 
thought it would. A showing of the whole truth as 
to costs, certified by a recognized authority, and fol- 
lowed by a bid carrying a minimum profit, might 
have been accepted by the public as a substitute for 
competition. 



A COLLISION WITH PUBLIC OPINION 

And here was made the second great error of the 
electric-light companies. Their managers seem to 
have been the only people who did not see what was 
coming. They failed to keep in touch with their 
public. The public was absorbing all the fool figures 
that the wildest theorists could furnish, but never a 
figure deserving credence was offered in contradiction. 
The public was damning the poor quality of the 
lights then furnished, and was told that it did not 
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know a good light when it saw it. The public was 
determined to have much cheaper lighting, yet when 
bids were asked for they were almost as far above a 
possible figure as the costs published by the theorists 
were below it. The only hope for the contractors 
was to secure the support of the more conservative 
elements by offering good light at a minimum rate. 
On their failure to do this, and do it quickly and 
gracefully, municipal ownership was as certain as the 
coming of summer. 

Some effort was made by the companies in the 
legislature of the state and in the city council to 
protect their interests, but these bodies, especially in 
a reform year, cannot be expefted to go counter to 
a strong public sentiment. In this they are wise in 
their generation. 

Would the public of Detroit, after the agitation 
for municipal ownership had become general, have 
approved of award of a contract at a low price, or 
would it have insisted on municipal ownership as a 
matter of principle? 

An answer to this is merely an expression of 
opinion, but I believe that had a low price been 
offered, the agitation for municipal ownership would 
have been suspended, and the companies might have 
secured terms more to their interest than was the 
action actually taken. There were many people in 
Detroit who did not wish to see the experiment of 
municipal ownership tried, except as a last resort. 
There were a few people who believed in municipal 
ownership as a matter of principle. There were, 
doubtless, also a few who expected to reap a personal 
benefit from the establishment of the city plant. 
Nevertheless, the great majority of the citizens sought 
only to reduce the expense and to improve the quality 
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of the public lighting, and cared nothing for city 
ownership except as a means of reaching a desired 
end. 

In other lake cities, where the agitation was fully 
as strong, concessions on the part of the lighting 
company led to a continuation of the contract 
system. The case of Toronto is a notable one, 
because the municipal sentiment is exceptionally well 
developed there. The local company is now perform- 
ing lighting for the city at a figure a trifle less than 
was estimated as the cost of operation of a city plant. 
At Cleveland the local company holds the business 
because it made a price so near to actual cost that 
there could be no possible saving in municipal owner- 
ship, and the price was accepted after a careful 
inquiry into costs in neighboring cities on behalf of 
the municipality. The recent case of Tonawanda is 
another instance of success won on the same lines. 
There, the local company submitted figures made by 
a recognized authority, showing the actual costs of 
operation in several representative municipal plants, 
and followed these figures by a bid more favorable to 
the city than municipal operation. I am assured that 
in each of these cities, while the contract figures are 
low, the management of the local company considers 
the business ultimately, if not directly, profitable. 



THE REASON FOR PUBLIC LIGHTING BY CONTRACT 

In these instances the local companies have 
retained their public-lighting business by demonstrat- 
ing that it was to the interest of the municipality to 
let them retain it. In this they have put into sucess- 
ful practice the most important part of the policy 
which I advocate. I submit that the only sufficient 
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reason why a municipality should contract with a 
private company for public lighting, is that the 
private company can do the work, and is willing to 
do it, cheaper than the municipality can itself do it 
by the direct operation of a public-lighting plant. It 
is in order to show how this comes about. 



A DIFFERENCE BETWEEN PUBLIC LIGHTING AND PRIVATE 

LIGHTING 

There is no longer any question of the right of a 
municipality to own and operate its own public- 
lighting plant. Electric street lighting is a distinctly 
public service, which must be provided for by the 
municipality. It is a service to every citizen ; is a 
sequence of the social conditions that constitute city 
life as distinguished from rural life, and can be effect- 
ively performed only on municipal account and under 
municipal control. Herein it differs from the electric 
lighting of private premises, and it is necessary to 
note the difference. Electric lighting is the cheapest 
as well as the best light for streets and public places. 
For private premises, on the contrary, electric light 
is not a cheap light under usual conditions It is 
not now, and is not likely to become, an illuminant 
of universal use, to the exclusion of gas and oil. 
Why this is necessarily so, is well known to the 
members of the association. To the general public it 
is a statement better proved by a couple of good 
examples than by a long statement of causes. In the 
city of Detroit there were, in 1897, according to the 
annual report of the water board, 52,219 supply 
connections to the city water mains and the ''families" 
in the city were 54,945. Each **family" was certainly 
a user of artificial light of some kind. Illuminating 
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gas of eighteen-candle-povver quality is sold in the city 
of Detroit at $i Der thousand cubic feet. The maxi- 
mum price charged by the electric-lighting companies 
for incandescent lighting is 14.4 per kilowatt-hour, 
including renewals of incandescent lamps ; the mini- 
mum is four cents, and the system of charging makes 
the average price 10.8 cents per kilowatt-hour, which, 
allowing for difference in candle power, is equivalent 
to gas at $1.2 1 J^ per thousand cubic feet on the 
average, or to gas at $1.62 to the customer whose 
individual load-factor obliges him to pay the maxi- 
mum price. These are comparatively low prices, both 
for gas and electricity. Under these circumstances 
there are in the city of Detroit approximately 18,000 
(?) customers for illuminating gas, and 4,000 cus- 
tomers for incandescent electric light. What light do 
the remaining three-fifths of the possible customers 
use ? It is safe to say that they use kerosene oil. It 
is also safe to say that there are very few cases where 
oil is used merely because gas or electricity is not 
available. The main cause of the use of oil is its 
lower cost. I need not say to this audience, although 
I have found it necessary to make the statement to 
other audiences that were entitled to be considered 
intelligent, that there is not the least likelihood of 
the production costs of kerosene oil, of gas and of 
electric light materially changing their ratios to one 
another. As to their selling prices, I think that the 
Standard Oil Company is better satisfied with the 
profit which it makes on the sale of kerosene in 
Detroit than are either the Detroit Gas Company or 
the electric-light companies in that city with their 
profits. 

I submit, however, a second example of the rela- 
tive cheapness of gas and electricity, from which 
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example the question of profit is eliminated. The 
city of Glasgow, Scotland, owns and operates its gas 
works, and owns and operates its electric-lighting 
plant. Neither of them is intended to make a profit. 
I have in my possession signed communications from 
the managers of each department in which it is written 
that the price of gas is two shillings and twopence 
per thousand cubic feet, and that the price of elec- 
tricity for incandescent lighting (not including renewals 
of incandescent lamps) is sixpence per kilowatt-hour 
for the first hour's use of the demand, according to a 
Wright meter, and two and one-half pence per kilo- 
watt-hour thereafter. Making the same corrections as 
in the Detroit calculation, and assuming that the 
incandescent lamps paid for as '* extras" in Glasgow 
are as efficient as those furnished free by the Edison 
Illuminating Company of Detroit, the Glasgow price 
for gas is fifty-two cents per thousand, and the Glas- 
gow price for incandescent lighting is equivalent to 
gas at $1.35 at the maximum rate, and fifty-six and 
one-fourth cents at the minimum rate. The average 
is about the same as the Detroit average. I think 
this example from a city where municipal ownership 
has been most thoroughly exploited, and where the 
municipal management is above suspicion of inefficiency 
or corruption, proves beyond question that electric 
lighting for private use is a luxury, and, as such, must 
continue to be used only by those who can afford 
luxuries ; that is to say, by a minority of the citizens 
of any municipality; not by a majority, much less by 
every citizen. 

Therefore, while it is admitted that the lighting of 
the streets is truly a public service, which may be 
performed by the municipality for and on behalf of 
every citizen, the furnishing of electric light to private 
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consumers is not a public service, but is essentially a 
service to a few individuals, and, as such, should not 
be undertaken by a municipality whose object is to 
perform only those duties that municipal society as a 
whole owes to itself as a whole. This principle 
should be clearly understood, and should be boldly 
maintained. It is necessary that a municipality shall 
undertake certain services, and it is possible that it 
may undertake others ; but the propriety of its under- 
taking any service depends on whether that service is 
to the public or to individuals; to the many or only 
to the favored few. 



THE POSSIBILITY OF LOW CONTRACT PRICES 

This leaves to private enterprise the supply of 
electric light to private consumers. In performing 
this service there will be built and equipped a power 
house ; there will be organized an operating and a 
managing force ; there will be constructed lines of 
distribution. All of these may be, and part of them 
certainly will be, adapted to the performance of 
public lighting, in addition to the service of private 
consumers. To whatever extent this double adapt- 
ability exists in the private plant, there will be dupli- 
cation of equipment in any other plant separately 
established for performance of the public work. 
Moreover, it is peculiarly characteristic of public 
lighting operated all night that in addition to the 
ordinary work of a private-lighting plant tends to 
reduce the average cost of the combined output. In 
these considerations rests the possibility of a con- 
tractor profitably performing public lighting for a 
city at or below the price at which the city can itself 
do the work, and its yet being to the interest of the 
contractor to undertake the business. 
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Let us for a minute assume that municipal engineer- 
ing and management and municipal financiering can 
be just as good as private engineering and private 
financiering. If they are not so, it is the fault of the 
municipality, because technical and financial skill and 
executive ability are for sale in the labor market, and 
are purchasable by a municipality, even as they are by 
private employers. There remains only one evident 
cause that should tend to make the cost of a 
municipal plant differ from that owned by an indi- 
vidual or a company. That difference is that the 
individual proposes to make a profit and the munic- 
ipality does not. Looking closer at the facts we 
find that the municipality must in most cases allow 
the equivalent to a profit, because a municipal plant 
is built by money borrowed at interest. In the case 
where the money is not borrowed, but raised by 
direct assessment, the municipality^ has prevented some 
of its citizens from profitably using the money taken 
from them by taxation to be invested in the lighting 
plant, so that even in the exceptional case the 
possible profit to the taxpayer on the money with- 
drawn from his business has to be considered. But 
the rate of interest on municipal bonds is usually less 
than the rate of profit that a private owner is willing 
to accept on money invested in the electric-lighting 
business. It is four per cent as against six or seven 
or eight per cent. In the final analysis, the difference 
between the cost of lighting by contract and that of 
lighting at cost by a municipally-owned plant, should 
not exceed four per cent on the capital invested in 
the plant. I assume, in making this statement, that 
the rate of interest on city bonds is a fair measure 
of the profit that investors expect on a secure invest- 
ment. If the investment in the electric-lighting plant 
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were equally secure, the rate of interest necessary 
would be no greater. The security depends so largely 
on the policy of the municipal authorities that it may 
approximate to that of municipal bonds on the one 
hand ; or, on the other, it may be of the same order 
as the stock of a speculative gold mine or a Klon- 
dike expedition. In saying that the difference should 
not exceed four per cent, I am to be understood as 
implying such conditions as take the investment 
out of the speculative class. I am also to be under- 
stood as implying that proper salaries for management 
have already been paid out of earnings, and that the 
profit mentioned is that payable to capital alone ; in 
other words, an exact parallel to the payment of 
interest on a municipal bond. 

THE ADVANTAGE OV THE CONTRACTOR 

It follows that if the organization and equipment 
of an existing plant engaged in the supply of electric 
light to private consumers is available for the purpose 
of performing public lighting, this maximum differ- 
ence of four per cent can be thereby reduced or even 
reversed. In every case the difference should be revers- 
ible. There are causes to be considered later which 
tend to the contrary, but the fact remains that there 
is no irremovable cause why an existing electric-light- 
ing plant should not be able to perform public light- 
ing at a less price than the municipality can do the 
work itself. 

THE DISADVANTAGE OF THE CONTRACTOR 

Of the causes that tend to the contrary, one is that 
the plant which has a contract for public lighting may 
have very little private service, or none at all. Some 
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other plant in the same city may do all or most of 
the private business. This condition of affairs can 
be only temporary. The consolidation of the two 
plants is an economic necessity, certain to arrive in 
time. The only condition justifying the existence of 
two plants in the same city, is that the city is so large 
as to make a division of territory desirable, and even 
in that case an operating agreement is to be preferred 
to complete independence. 

The public has been told that consolidation of 
plants is not to the public interest. This is an error, 
and the way to prove it such is to give to the public 
the surplus profits of consolidation in the shape of 
lower rates and better service — either or both. 

Another cause tending to handicap the contractor, 
is that few municipalities will make contract for a long 
term of service. Even the advocates of municipal 
ownership who are willing to issue twenty- or thirty- 
year electric light bonds, and who will not write off 
more than three or four per cent for depreciation of 
plant in making their estimates of city operation, will 
protest against a contract's running more than a year 
or two. They claim for the municipal plant all the 
advantage of a secure investment, and simultaneously 
deny these advantages to the contractor. We know 
that the securing of a long-term contract permits the 
installation of the most economically-operated machin- 
ery, and reduces the percentages of profit, which must 
be earned annually. The objection to the long con- 
tract, that it denies to the city any share in the profits 
of possible improvements effected during the term of 
the contract, can be met by so drawing the contract 
that the margin of profit shall plainly be reasonable 
to begin with, and that the city may share in the 
results of improvements in consideration of guarantee- 
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ing a similar reasonable profit on the investment to 
be made in such improvements. A ten- or twenty- 
year contract with such a clause could be safely taken 
at a very low price. 

A possible solution of this problem is city owner- 
ship of the plant, combined with operation by a con- 
tractor. I think that this plan may by and by become 
common. It involves too many details to permit of 
my discussing it at present. 

The very worst handicap that a contractor may 
have to carry, is excessive capitalization. Here it 
must be noted that many municipally-owned lighting 
plants do not report all their capital expenditure, so 
that in carelessly-made comparisons of fixed charges 
the contractor appears to have overstated his invest- 
ment in order to increase the apparent cost of oper- 
ation. Any comparison must be on an identical basis 
for capital as well as for operating charges. And for 
the purpose of adjusting prices between municipality 
and contractor, only one basis for capital charge is 
acceptable, namely, the present value of the plant; 
in brief, a properly-made inventory. This proposition 
is so radical that I state the reasons for it. 



CAPITAL ACCOUNT 

The possible bases for a capital charge are as 
follows : First — The face value of the securities issued 
by the plant. That this is an impossible base of 
adjustment is too well known . to all electric-light men. 
Second — The current market value of these securities. 
This is impracticable, because many securities are not 
on the market, and because the immediate earning 
capacity of a plant affects the price of its securities, 
and because — last, but not least — some securities are 
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speculative rather than industrial. Third — The actual 
cost of the plant. This would be proper if all plants 
had been built at the same time and if no plant had 
been obliged to be rebuilt. As it is, the construction 
cost of two plants built, the one in 1888 and the 
other in 1898, the two of identical capacity and of 
similar type, may be to one another as two to one ; 
the earlier plant may have cost twice what was paid 
for the later, solely because of the reductions in the 
prices of machinery and material of construction in 
the last ten years. 

The only remaining possible base for a capital 
charge is the present value of the plant ; and I do 
not think that any other can be made acceptable for 
the specific purpose of adjusting a price for public 
lighting. It does not follow that the capital account 
is to be readjusted to a corresponding figure. It is 
only requisite that the company accept as a proper 
profit on public-lighting business an allowance based 
on inventory value of the investment. It would be 
well for the industry, however, if all our capitaliza- 
tions were brought near to present values. And one 
good result of revaluation would be a logical sequence 
—the depreciation of the investment from year to 
year would necessarily be admitted as a proper charge 
against revenue. If a profit is only to be allowed on 
capital sufficient to construct a plant at the compara- 
tively low construction prices now ruling, any further 
decline in cost of construction must be considered an 
impairment of capital, to be made good before any 
profit can be paid. It is not to be understood that 
I expect an electric-lighting company to stop divi- 
dends or to reduce capital stock in order to make 
good in any one year an extraordinary depreciation 
charge, due, for instance, to the replacement in the 
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year of old-type machinery with new, in order to 
meet a public demand for a higher grade of service. 
Such extraordinary charges must be financed according 
to well-understood rules. The loss of value of the old 
machinery does not occur in an instant, but is a 
process continuing through several years. So far as 
it is possible, this loss of value should be anticipated 
by charges made in advance — in other words, by the 
accumulation of a renewal fund. But where this has 
not been done, the charges should be distributed 
over a proper period with due regard to all interests 
involved — in other words, so as to secure the greatest 
good for the greatest number. The principle is all- 
important. The detail as to how a proper deprecia- 
tion charge shall be put on the books, is a matter to 
be disposed of in the most convenient manner. 



IN CONCLUSION 

Having recited my premises, I now state my pro- 
posed policy as a recommendation, as follows : 

I recommend that the association declare by reso- 
lution : 

1. That a municipality may properly provide for 
public lighting, either by the ownership and operation 
of an electric-lighting plant, by the operation of a 
contractor under lease of a municipally-owned plant, 
or by contract with the owner of a private plant. 

2. That the supply of electric light to private users 
is not properly a municipal function. 

3. That the performance of public lighting under 
contract by a private plant in connection with the 
supply of electric light to private users is essentially 
the method of least expense. 

4. That the existence of two electric-lighting plants 
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in the same territory is an economic error, tending to 
increase the cost of production, and thereby the selling 
price ; and that the maintenance of competition is to 
the detriment of the public. 

5. That public lighting by contract should be per- 
formed at the lowest price consistent with a reason- 
able profit on the value of the investment ; that no 
electric-lighting contractor should demand more than 
such a profit, and that each municipality should protect 
the contractor in the enjoyment of his profit, and 
against impairment of his investment, in order that a 
minimum profit may become reasonable. 

6. That, in order to adjust prices in the absence 
of competition, it is necessary that costs be ascertained 
and prices approved by a competent authority, accept- 
able to the public as well as to the contractor. 

7. That, in the absence of a constituted authority 
competent to ascertain costs and prescribe prices, 
members having public-lighting contracts under con- 
sideration should endeavor to have the adjustment of 
the contract price undertaken by a temporary com- 
mission, or arbitration committee, who will adopt as 
the basis of adjustment the principles set forth in 
these resolutions, particularly in resolution number five. 

8. That there is no essential difference in the 
organization of municipally-owned plants requiring a 
different analysis of costs from that which is proper 
for private enterprises, and that the publication of the 
costs of municipal lighting plants, properly analyzed, 
is beneficial to the electric-lighting industry. Further, 
that the similar publication of the costs of private 
plants is desirable, but is at present impossible because 
of its advantages to actual or possible competitors. 

In conclusion, I desire to say that the tendency of 
public opinion appears to be toward some interference 
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by and on behalf of the public with corporations per- 
forming so-called public ser\nces. Such a tendency is 
a concomitant of our social progress. It is not merely 
a temporar}' surge, but is a part of a general move- 
ment It cannot be withstood, but may be guided 
into proper channels. The general result of any such 
movement is for good ; the damage which is done to 
individual rights is incidental, and is more often the 
result of needless opposition by the individual. In 
this matter of public lighting the right of the com- 
munitv to interfere is so evident that it has been one 
of the first subjects considered, and will be one of 
the first disposed of ; and its priority in time will 
establish its disposition as a precedent for the future 
disposition of similar questions. There is immediate 
need for clear thinking and for well-considered speech 
and action — for speech telling the public that electric- 
light companies desire to do business according to the 
golden rule, and for action plainly in conformity with 
the speech. I believe that this association can appro- 
priately speak for its membership, and that its members 
are willing to live up to the principles which the 
association mav enunciate. 



DISC'l'SSlON 

The PRESir>ENT : I will now call upon Mr. 
Samuel Scovil, of Cleveland, for some remarks on 
this subject. 

Mr. Scovil read his remarks as follows : 
Mr, Pp-esidetit and Gentlemen : 

Each of us, I think, will agree with tbc state- 
ment that Mr. Dow makes in closing his able paper, 
that there is immediate need for clear tfainkii^, and 
for well-considered speech and action, in Tefcreooe to 
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the attitude being assumed by the public toward 
those corporations performing so-called public services. 

Most of us will agree that the hostility in the 
public mind toward these corporations is, in some 
measure, the logical outcome of the methods that 
some of the companies have pursued in the past, 
which methods, in themselves, are most reprehensible, 
whether they were adopted voluntarily or involuntarily. 
Nothing is to be gained by denying that this has 
been an important factor in bringing about the con- 
ditions with which we now have to deal. While 
willing to admit the truth of this statement, I hold, 
however, that the hostility alluded to is in quite as 
great a degree attributable to the teachings, misrepre- 
sentations and accusations of a certain school of 
theorists and dreamers, whose one universal remedy 
for every political ill, real or imaginary, is to increase 
the functions of government. 

Certainly this association can do its members no 
greater service, and, incidentally, the other corporations 
performing quasi-public services, than by adopting some 
plan of action looking toward an improvement in the 
relations between those companies which it directly 
represents and the companies which they serve. How 
best to accomplish this most desirable result is a 
problem not easy to solve. 

In regard to public lighting only, Mr. Dow advo- 
cates a declaration of principles by the association, 
and a recommendation by it to its members of a pol- 
icy based on those principles. If his suggestion be 
acted upon, the association must be careful that the 
principles that it enunciates, and the recommenda- 
tions accompanying them, shall be such that, wherever 
they may be fully accepted and adopted, they will 
result in reasonable prices being offered to the munic- 
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ipality, and a fair return to the company upon its 
invested capital. I use the words ** invested capital" 
advisedly, for I take decided exception to the prin- 
ciple laid down by Mr. Dow, that the present value 
only of a lighting plant is the proper basis upon which 
to adjust a price for public lighting. The growth of 
the electric-lighting industry has been almost unexam- 
pled in rapidity, and, as a natural sequence, much of 
the apparatus originally installed in the average light- 
ing plant has been replaced, not once, but several 
times, because it had become obsolete. This was no 
ordinary depreciation, such as might properly have 
been anticipated ; it was extraordinary in its character 
and in degree. For reasons well understood by you, 
it was impossible for the managers of these plants to 
secure for the service rendered by them a price that 
would allow them to cover this depreciation, even 
could they have anticipated it. As a case in point, I 
will state that I am informed that there is not in use 
to-day in the lighting plant owned by the city of 
Chicago one single piece of the electrical apparatus 
placed in service when the plant began operation. It 
was the necessity for buying new equipment, and 
charging its cost to operating expenses, that made the 
cost of operating street arc lamps by the municipal 
plant of Chicago only $96.40 per lamp per year for 
labor and material. You will find these figures given 
as the cost on page thirty-five of the mayor's message 
for 1896. 

Aside from this fact, the original investors in elec- 
tric-lighting apparatus had to pay for patent rights, 
and these constituted a by no means inconsiderable 
part of the aggregate amount of capital that they had 
to put into the business. In an article by the presi- 
dent of this association, on the development of the 
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central station, he says that in the early days of the 
business it was necessary to do the cheapest possible 
engineering and construction, in order to meet the 
necessities of the slim exchequers of those that were 
bold enough to embark their capital in this business. 
There was no clamor then for the municipality to 
municipalize the industry. 

Let us assume that a municipality had, ten to 
fifteen years ago, built a plant for itself. The munici- 
pality, if it kept its service up to date, would 
necessarily have had the same experience as did the 
private owner in reference to replacements. How 
would the cost of its plant compare with the cost of 
its replacement to-day ? It could probably be dupli- 
cated for less than half its cost. Now, if an expert 
were sent to that town, to ascertain what it was 
costing it to do its public lighting, would he be 
justified in ignoring the total capital expenditure made 
on its plant, and in taking only one-half of such 
expenditure because the plant could be replaced to-day 
for that amount ? To put the case in another way : 
Suppose the municipality had issued bonds for the 
total expenditure on its plant, and these bonds, as 
would probably be the case, were all now outstanding ; 
no one would deny that the interest on such bonds 
would necessarily be a part of the cost of its public 
lighting service. This is in a measure the position 
in which many of the private lighting plants are 
to-day. Moreover, it is a fact that it has been the 
very readiness of the private lighting companies to 
replace and enlarge their original installations, and of 
the street-car companies to do likewise, that has made 
possible the great development, both as to efficiency 
and cost, of the electrical appliances of to-day. If 
the municipalities had entirely undertaken the business 
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at the outset, it is not at all unlikely that the develop- 
ment and consequent extraordinary depreciation would 
not have been anything like as rapid. 

As bearing upon this point, let me call your 
attention to some figures in an article in the March 
issue of Lightning, an English paper. The writer 
says that the extent to which street arc lighting has 
been taken up in England bears no reasonable pro- 
portion to the state of things that should really exist, 
and that does exist, in America. He then gives 
tables showing that in American towns in forty-five 
states having a gross population of 14,384,000, there 
were 60,397 arc lamps ; whereas in thirty-one English 
towns, with a population of 7,497,079, there were 
3,864 arcs ; or, in America one lamp to every 250 
people as against one lamp to every 1,940 people in 
England. 

As I understand it, the proposition made by Mr. 
Dow, if accepted by this association, might well be 
stated in a resolution as follows : 

RESOL VEDy That we, the managers of private 
lighting companies, in convention assembled, deliber- 
ately declare that it is perfectly equitable that part 
of the capital that we have invested in good faith 
and with commendable enterprise, be now confiscated 
by the municipality that we have been serving. 

In this connection, let me call your attention to 
the position taken by Professor Ely, of the University 
of Wisconsin, one of the foremost and ablest of the 
advocates of municipal ownership. He says : ** The 
mode of accomplishment (in changing from private 
to municipal ownership), of course, requires careful 
consideration, but only a few suggestions can be. 
thrown out at present. One of the most important 
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is that a fair, but never excessive, value should be 
paid for the property acquired, and a fair value does 
nc^^ mean simply the cost of duplication of a plant!' 
The professor's position is simple justice; he recog- 
ni>^es the right of private owners to their investments. 
Do not misunderstand me, gentlemen. I do not 
claim that a municipality should pay more for its 
public lighting than it would cost it to do the work 
itself. What I do claim is, that there is nothing in 
the history of municipally-conducted industries, either 
at home or abroad, that would indicate that they can 
approach the privately-conducted enterprises in econ- 
omy of operation if the municipality will grant and 
secure to the private company the same privileges and 
security that it assumes for itself. As a well-known 
writer states it: '* There is an economic advantage 
inherent in private ownership that cannot be acquired 
by a municipality. The operation of this advantage 
creates the profit for which the company works, and 
which, when created, belongs to those creating it, as 
justly as the pay for a day's work belongs to the 
honest workman. This economic advantage ceases to 
exist when an industry passes from private to munic- 
ipal ownership. It eludes municipal ownership as 
surely as the secret of life evades the surgeon's knife. 
It cannot exist in slavery ; it is the offspring of 
freedom. It is the advantage of personal responsi- 
bility, of guaranteeing the saving to the one who 
saves, the economic advantage of a hope. This 
advantage stimulates enterprise, induces thoughtful 
care and inspires energy." 

The margin of difference between the two systems 
will, in my judgment, allow the private companies a 
reasonable return on the capital they have invested in 
their plants. To take the present value of these 
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plants, and oblige the private companies to furnish 
service on such a cost, is to assume that the munici- 
pality has a right to wipe out capital that it invited 
into its service, and then to take unto itself, in 
addition, all the economies that result from an intelli- 
gent self-interest. 

There is one other principle that Mr. Dow asks 
us to accept, to which I think exception should also 
be taken. He says: '^The only sufficient reason why 
a municipality should contract with a private company 
for public lighting is that the private company can 
do the work, and is willing to do it, cheaper than 
the municipality can itself do it by direct operation 
of a public lighting plant." 

In my opinion, preference should, in every case, 
be given to the private company at the same cost. 

A contract made with a private company is a 
known expense ; municipal ownership and operation is 
an unknown expense. Aside from this fact, however, 
there is a large and an all-sufficient reason why 
private enterprise should be given the preference and 
individual effort be thereby stimulated. The question 
as to whether the municipalities of this country shall 
own and operate their own lighting plants, may seem 
to be a small matter except to those whose money is 
invested in such plants. The axiom, that it is the 
first steps that count, is as true of a community as it 
is of an individual. Once fairly started upon the 
policy of the municipalization of all public utilities, 
who can tell where governmental interference with 
individual effort will stop ? Will it stop with the 
municipalities ? No ! Led by the theorists, dreamers 
and politicians, the unthinking masses will cry 
** More ! more!" and the inevitable result will be the 
institution, finally, in our civic, state and national 
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governments of a crushing, bureaucratic system, which 
will seek to regulate almost every activity of the 
individual from the cradle to the grave ; the substitu- 
tion for the free government of a democracy, of the 
paternalism of a despot. If the American people 
apprehended clearly the degradation into which they 
would be plunged by the realization of the theories 
of the dreamers who can think, as one writer puts it, 
of the state only as being a beneficent power, exhaust- 
less in resources, — that, like a fairy, will turn their 
feet from every pitfall, and by the wave of a wand 
shower upon them all the blessings of existence, — they 
would trample upon them as would the individual 
upon the poisonous adder that seeks to injure him. 
All history and experience show that wherever a peo- 
ple has entrusted its liberties to its representatives, to 
be exercised through a centralized power, those lib- 
erties have been lost to it. Instead, therefore, of 
taking any steps in the direction of the restraint of 
individual effort and private initiative, let us hold fast 
to the fundamental principle enunciated by the fathers 
of this republic, that the only government of a free 
democracy is limited to the preservation of order and 
the enforcement of justice. 

The following would seem to be much more accept- 
able than Mr. Dow's proposition, and would be more 
in accord with the spirit of American institutions, 
which is, to interfere as little as possible with the 
individual activities of the citizen : 

The best interests of the public welfare require 
that a municipality should contract with a private 
company for its public lighting, if the private com- 
pany can do the work, and is willing to do it^ at a 
cost not greater than^ if supplied by a plant oivned 
and operated by the municipality itself 
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The President : I have great pleasure in calling 
upon Mr. H. M. Atkinson, of Georgia, to address 
you on the same subject. This is Mr. Atkinson's first 
appearance at one of these conventions, and I am 
sure we thank him for coming so far to address us 
on this important matter. 

Mr. Atkinson : The remarks I am about to make, 
scarcely deserve the introduction made to them by your 
president. I only decided within the past forty-eight 
hours to come to the convention. The suggestions I 
shall read were thought of on the train, and written 
after I reached here last night. I can only hope that 
they may be of some use to the association. I sup- 
pose I was picked out to address the meeting on this 
question, mainly, because I have been one of the vic- 
tims of this agitation during the past seven years. I 
regret that an entire lack of previous knowledge of 
the scope of the remarks of Mr. Dow and Mr. Scovil 
has rendered it impossible for me to answer them, or 
for my remarks to have any direct bearing upon what 
they have said. I tried to get out of preparing the 
paper, but your president insisted. 

Mr. Atkinson then read his paper, which follows: 
Mr, President and Members of the Association : 

Nothing but my deep interest in the question of 
public lighting with relation to public ownership or 
control would tempt me to address such a meeting 
without preparation. When your president, early in 
May, honored me with an invitation to take part in 
this discussion, I wished to accept, but my engage- 
ments and movements were too uncertain, and I had 
to decline ; but, having decided during the past forty- 
eight hours to come here, enforced idleness on the 
train, and my zeal, are my excuse for the following, 
I am afraid too random, remarks; and then, too, I 
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do not think anv central-station man can afford to 
neglect a call on this subject. I propose to get 
through with it as soon as I can, and g^et to the, to 
me, more enjoyable part of the programme. 

I take it that it is not the purpose to discuss here 
specific cases or grievances. Such an association as 
this should adopt a platform enunciating its principles 
on this question, which, by its conservatism, temperate 
tone, fairness and broadness, will appeal to the tax- 
payer and intelligent voter. This platform should be 
carefully prepared, should avoid anything aggressive 
in its tone or calculated to excite the opposition of 
advocates of the policy. We should state that we 
are opposed on principle to municipal ownership, not 
alone as owners of electric-lighting companies, but as 
taxpayers ourselves. We should state that we are 
not engaged in a partisan fight, in assuming that 
whenever one of our members is attacked, he is of 
necessity in the right, and must be protected ; but 
that circumstances will solely govern the position we 
take in each case. We should state that after long 
experience and earnest study, we, as honest business 
men, believe that private corporate service under 
proper legislative control is far better than municipal 
ownership. We must distinctly state that we will 
not uphold our members unless they are honestly 
endeavoring to give the best service at the very 
lowest living prices, taking into consideration local 
conditions. We must show that private ownership 
under proper control, means all the advantages of 
public ownership without any of the risks. We 
should emphasize the conditions of legislative protection 
as they exist in England, France, and in Massachusetts 
in this country. We should dwell on the depreciation 
losses to which we have been subjected during the 
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past ten years, and which are still pressing upon us. 
We should counteract the prevailing idea of great 
profit in the business. We should condemn, at the 
start, high prices, and the policy of those who exact 
them; putting ourselves on record as believing that, as 
street-lighting contracts cover long hours and much 
consumption, they should be treated accordingly. 

We should adopt a standard system of accounts for 
ourselves, and advocate the adoption of such a system 
by every municipality, one that will appeal to all 
business men. We should endeavor to show that 
cities adopting this policy are providing the soil upon 
which rings and corruption cannot exist. We should 
counsel fair and accurate expressions of facts and 
figures on both sides, emphasizing the injustice done 
by careless, inaccurate, unstudied statements. We 
should urge more complete and adequate methods of 
bookkeeping in all municipalities. We should drive 
home into the minds of the people the fact that a 
city's only source of income is through taxation, or 
by bond issues, which mean taxation perpetuated; 
that every dollar raised by the former method is 
costing them interest, as much as the latter. We 
must urge that cities count cost as fully as private 
persons. Our fight, in short, is the fight of good 
and honest government. We must stand fairly on 
the platform that we, as taxpayers as well as owners 
of electric-light works, are opposed to the policy of 
municipal ownership and operation, as our experience 
has shown us what it is. We must show how legis- 
lative control, requirements and penalties create a 
degree of responsibility never existing as regards a 
municipal corporation ; how elimination of the factor 
of self-interest is an effective barrier to economy in 
production or operation, and always will be ; that 
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private enterprise will always outstrip municipal 
ownership, in filling the gap between supply and 
demand ; that cost under contract is limited to price, 
and under municipal ownership cost is unlimited. 
We should point out the difficulty of ever getting 
true statements of cost if this policy is inaugurated, 
as advocates of it will not willingly issue statements 
condemnatory of themselves, and politicians will not 
take action that will decrease their patronage. It 
should be pointed out to taxpayers and voters that 
municipal ownership of electric-light plants will only 
be a stepping-stone to ownership of numerous other 
industries ; for if ownership of one is advisable, why 
not of all ? We should call attention to the enor- 
mous patronage to follow, and should urge that it 
means absolute control of our municipal affairs. We 
must urge that no class is exempt from love of 
power, and none so pure as to fail to abuse it. We 
must ask taxpayers and voters if our cities are now 
so well governed, and our taxes so low, as to make 
it desirable to adopt this policy, which means contin- 
uing bond issues, or increased taxes. We should 
also ask them if municipal corporations have not 
enough to do now in maintaining order, protecting 
the weak against the strong, adopting certain meas- 
ures for the benefit of the health of the people. Are 
they doing these things so well now that we had 
better intrust to them more difficult problems? We 
should call upon them to bear in mind that public 
officials in cities, and elsewhere, are elected with 
reference to their popularity, their ability to organize, 
and sometimes with reference to the amount of 
money they are willing to spend on an election. 
They are nearly always chosen from among persons 
known as politicians, who have not been trained, as 
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a rule, for the ordinary business walks of life, much 
less in a technical way. 

We should educate public opinion to the unfair- 
ness of municipal competition with capital invited 
and encouraged to occupy the field while an industry 
is an experiment, so long as such capital furnishes 
good service at a fair price, and that such competition 
is equivalent to condemnation and confiscation of 
property without compensation. Some may say that 
this is a big problem. How is it to be done ? By 
organized work. We can make no better investment. 
We should have an organized department to collect 
data, systematically and accurately, and furnish it to 
members on call. This department must be continu- 
ing and permanent. A careful examination of munici- 
pal-plant costs should be made. Newspapers, maga- 
zines, etc., should be carefully clipped of all items 
bearing on the question. Bulletins or circular letters 
containing these clippings should be sent the members 
or information where to get them, which would do 
just as well. Special aid should be given threatened 
companies, provided their fight is just, by suggestions 
and preparation of articles for publication locally. All 
this will cost money, but it will pay, and will not 
cost as much as fighting alone, as we do now. The 
tone of all this work will have to be carefully regu- 
lated ; give it a too partisan aspect and it will be 
without effect. 

There is no doubt but that much of the municipal 
ownership is natural. One or all of three conditions 
usually precede it : 

I St. Extortionate rates, maintained, perhaps, by 
combination. 

2d. Poor service. 

3d. No service at all, because the field offers no 
inducements to attract capital. 
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There is a fourth reason for it — the political — but 
it should be handled separately. 

This association should have nothing to do with 
fights that its members have brought on themselves 
by unreasonably high prices or defective service, 
except, after careful investigation, to condemn their 
policy. The worst enemy of the electric-lighting 
interests is the company that exacts unreasonably 
high prices, whether for good or bad service. This 
course is largely responsible for the whole agitation. 
One mstance of this kind of policy that results in 
municipal ownership does enduring harm, as it 
furnishes material for endless misstatements and mis- 
taken opinions. 

The agitation of the policy for political purposes 
is getting to be more common. It is the old story 
of corporate interests against the masses. The only 
remedy for this is the education of the voter and the 
taxpayer on the lines already indicated, so that honest, 
capable men will be elected to office. This can only 
be done by properly collected and tabulated data, for 
use in each place where the trouble exists. The 
political attack is the most aggravating of all. Many 
a well-managed company, doing its duty honestly, 
giving good service at reasonable and constantly- 
reduced prices, is attacked by politicians seeking office, 
for no other purpose than to attract the vote of the 
masses, and without any regard for consequences or 
for the injury done vested interests. There is no way 
to cure this trouble directly, and the only way to 
reach it is through the voters themselves. Arguments, 
facts and statistics are not for politicians of this 
character. This is the hardest kind of fight to meet. 
This association, by an organized effort, can be of 
great service to its members; and the work done as 
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an organization, with co-operation on the part of the 
members, will be more thorough than separate work. 
Collecting ammunition, and writing newspaper arti- 
cles, is the nightmare of all central-station managers. 

In conclusion, let me say that this question is 
important, not alone from our selfish interests, but on 
account of the interests of taxpayers everywhere. I 
am firm in the belief that municipal governments were 
never intended to undertake the operation of business 
enterprises, such as electric lighting, and other public 
services of a kindred nature. If we intelligently and 
persistently try to educate the intelligent voter and 
taxpayer, we are bound to build up an opposition to 
this policy that will end it. 

One last word. Let us be good-natured and tem- 
perate in all this work. Denunciation is no argument, 
and does no good ; though I confess it is easier to 
give this advice than to follow it, but it is the best 
policy. 

I beg to thank you for your attention. 

Thk President : Mr. Ernest H. Davis, of Will- 
iamsport, Pennsylvania, will address you further on 
the question before the meeting. 

Mr. Davis: Mr. President and gentlemen: As a 
member of this association, what I desire to get from 
it is protection to the utmost extent possible. The 
conclusion I have arrived at individually is that invest- 
ments in electric-lighting plants will earn more, be 
better secured and more stable, if such interests are 
protected by a properly-regulated state commission 
rather than by the efforts of individual companies or 
by the use of any statistics. Therefore, so far as the 
position of the association is concerned, if it desires 
to take any action, I would suggest that action be 
taken to get the forms of commissions existing in 
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Other countries, and the facts and results of these 
commissions as regards existing companies. 

On the other hand, as we are now, — every com- 
pany protecting itself the best way it can — each com- 
pany must necessarily rely upon existing information 
to combat the idea of municipal ownership. The 
foundation of the movement is a belief that a munic- 
ipality can furnish better service at a cheaper rate than 
a private company. That is the question we met in 
our city, and it is practically the question raised, and 
which must be met, everywhere. I was driven to the 
necessity, in my individual case, of spending a large 
sum of money in a personal investigation of a num- 
ber of well-known municipal plants in the United 
States. I examined a few, and the result of the infor- 
mation was that a committee of councilmen, who hap- 
pened to be business men, made an investigation of 
these records, and reported in our favor. The result 
in our citv was that the movement was defeated, and 
we still retain our contract. 

My idea is that the proper way to deal with this 
question is to get official information. We can do 
that only by sending a competent man to the plants 
in question, and getting the fullest information possi- 
ble, not only from the employees of the plant, but 
especially from the records kept. It is not always 
possible to do that, as I know. Find out how much 
it costs the municipalities to supply light, and give 
that information to such members of the association 
as have contests on hand, and let them use it in the 
best wav. 

The President : Gentlemen, this subject is one 
of great interest, and one about which we could talk 
for a long time ; but we have a considerable amount 
of business that we ought to transact to-day in exec- 
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utive session, and I would, with your permission, ask 
that some one move that we go into executive session, 
and take up the consideration of various matters neces- 
sary in connection with the welfare of the association. 

Mr. Ayer : Mr. President, I move that the con- 
vention go into executive session. 

The motion was carried, and the meeting adjourned 
to executive session. 
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The meeting was called to order by the President 
at twenty minutes past ten. 

The President : The subjects to be considered at 
this morning's session are '* General Distribution from 
Central Stations by Alternating Currents," by Herbert 
A. Wagner, St. Louis, and ''General Distribution from 
Central Stations by Direct Currents," by Louis A. 
Ferguson, of Chicago. The intention is that these 
two papers shall be read, and that members shall then 
be given an opportunity to enter into a general dis- 
cussion upon the relative merits of the two rival 
methods of distribution. I have pleasure in calling 
upon Mr. Wagner. 

Mr. Wagner read the following paper: 



GENERAL DISTRIBUTION FROM CENTRAL 
STATIONS BY ALTERNATING CURRENTS 



BY IIKRHKRT A. WAGNER. 



Ever since the installation of the first few pioneer 
alternating-current central stations, just ten years ago, 
we have heard it predicted with persistent reiteration 
that for the distribution of current for lighting from 
central stations direct current was a thing of the past, 
and that in a few years the alternating-current trans- 
former svstem would hold the field without a com- 
petitor. 

To many, this prediction may seem to have been 
fulfilled, considering the enormous number of alternat- 
ing-current plants, compared with direct-current, that 
have been installed, and the remarkable impetus given 
to electrical industries by the development of alternat- 
ing currents. 

The great success achieved in the transmission of 
power by polyphase alternating currents in the last 
three years, has but strengthened this general belief, 
and left fewer champions to adhere to the direct- 
current cause. 

These great achievements, I say, have led the 
enthusiast to think all progress confined to alternating 
systems of distribution. Deeper investigation, how- 
ever, shows that while in point of number the alter- 
nating-current stations, reaching into the thousands, 
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completely overshadow those of direct-current, there 
are few really large stations, outside of water-power 
plants, that are to-day employing alternating currents 
for distribution, and that while enormous investments 
have been made in direct-current stations in our larger 
cities, comparatively small amounts have been invested 
in alternating-current work. 

The alternating system was heralded as providing a 
means of distribution with a great reduction in first 
cost of plant, and for years the development of the 
system has been made with this the principal end in 
view. On the other hand, direct-current distribution 
in the form of the Edison three-wire system has 
been steadily and intelligently developed to the highest 
standard of economy of operation, simplicity and 
permanence. In the same city, alternating-current 
stations have not, as a rule, been successful in com- 
petition with three-wire stations; their service has not 
been as good, and their profits have been smaller. 

I may startle many by stating frankly the discour- 
aging fact, which has been barely w^hispered at times, 
that, judged by the standards of the magnificent 
Edison properties in many of our larger cities, few 
alternating-current central stations in the United States 
have been a success. Do not imagine that this dam- 
aging admission, however, is an indication of any loss 
of faith on the part of one who has been identified 
wuth alternating-current work since its d^but, as it 
were. Far from it. The fault lies, not with the 
alternating current itself, but with its application. 
Its few apparently inherent deficiencies, such as the 
difficulties of operating motors and arc lamps, have 
been show^n to have been only awaiting discovery and 
development, and were at our disposal almost as soon 
as these important divisions of central-station service 
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were operated with success from the Edison three- 
wire system. These can, therefore, hardly be held 
responsible for the difference in the commercial results 
obtained with the two systems. 

As I have said, the ends in view in the develop- 
ment of the two systems have been radically differ- 
ent. The one was to produce a given amount of 
light for the minimum of investment ; the other was 
to provide a permanent investment that would render 
the maximum of profit. These standpoints in gen- 
eral mark the difference between the manufacturer 
and the user, and we find these two systems devel- 
oped in this way, — one almost entirely by the manu- 
facturer, and the other by the combined efforts of 
the various users. The results are the natural effects 
of progression along these lines. 

Few opportunities have we had of comparing the 
two systems from the same standpoint and under like 
conditions. The purpose of this paper is to show the 
alternating current applied from the same standpoint, 
compelled to fulfill the same conditions, and then to 
compare the results with the best produced with 
direct current. 

To better contrast the different methods of distri- 
bution, we will review briefly those in general use 
before describing the most recent developments. 

The early alternating-current stations were installed 
on the principle that the drop in lines with distribu- 
tion at I, GOO volts was so small that it was practi- 
cally negligible. Two wires were accordingly run out 
from the station, passing along those streets where 
light was to be furnished, and lights were connected 
ad libitum at any desired points between the station 
and the farthest end, without reference to such trifling 
considerations as difference in potential. Distribution 



was attempted in this way for years, and in many 
places is still in operation. Lines are even being 
constructed to-day without any notion of a system of 
feeders and mains, although an almost perfect system 
for the maintenance of uniform pressure was in 
operation in many Edison stations before the first 
alternating station was in existence. Fortunately for 
the operators of such models of simplicity, the cur- 
rent delivered has usually been so small in quantity 
that with the proverbial No. 6 wire, which seemed 
to possess virtues not affected by distances, the differ- 
ence of pressure between neighboring customers rarely 
exceeded ten per cent. 

A few more enlightened experts — plants were 
always installed by experts in the early days — event- 
ually conceived the novel idea that if the drop, a 
little of which they had discovered by that time, 
could be confined to a greater extent to those por- 
tions of the lines where there were no lights, some 
might be spared from the lighting districts. A few 
feeder lines were therefore stuck in here and there to 
boost up the pressure where it was lowest. 

The regulation was all effected by means of the 
dynamo field rheostat, and the pressure indicated by a 
voltmeter on the secondary of a transformer whose 
primary was connected to the 'bus bars on the switch- 
board. A few lamps were also often operated by 
the same transformer to light the switchboard or 
other parts of the station. The station attendant was, 
of course, in absolute ignorance of the pressure at 
any point on the lines where lamps were used. The 
pressure was therefore usually run high enough to be 
on the safe side. The attendant was sometimes 
instructed to let his voltmeter needle follow gently 
the manoeuvres of his ammeter, as there was thought 
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to be a more or less intimate connection between 
volts and amperes and the volts ought not to .be 
allowed to get too far behind. 

If any one ever breathed a suggestion of pressure 
wires, it was probably his last breath. At any rate, 
he was never heard of again. What ! pressure wires 
with alternating current ? Preposterous idea. Alter- 
nating and progression were considered almost synony- 
mous terms. Antiquated ideas must be abandoned. 

This faintly-whispered need might, however, be 
heard again, so, to meet the emergency, a compen- 
sating voltmeter was produced that could be adjusted 
for any drop in the lines. It was ingeniously arranged 
so that a small series transformer in the main line 
would send currents opposing those operating the 
voltmeter, thereby making the needle or index drop 
back approximately proportionately to the current in 
the line. This device was a great help, and caused 
the drop in lines to jump into prominence at once. 
It would be quite perfect if the drop in alternating- 
current lines were proportional to the current, but it 
is not. The power factor of ordinary alternating- 
current systems is usually quite low at light loads, and, 
except with very small wire, an ampere may therefore 
produce much more drop proportionately at light 
load than at heavy load. 

One alternating-current station of which I have 
intimate knowledge, has used pressure wires in con- 
nection with each feeder for years. There may be a 
few others, but they are rare exceptions even to-day. 

The usual system of distribution provides a sepa- 
rate transformer for each customer. In many cases, 
this implies the use of a very small transformer. It 
is impossible to make the efficiency of small trans- 
formers high. As each customer may at times use 
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all of his lamps, he must have full transformer 
capacity for such an emergency. The ordinary ratio 
between maximum station loads and the number of 
lamps connected, is in most cases under fifty per cent 
where meters are employed. The transformers thien 
being of a total capacity equal to the number of 
lamps connected, average at best only fifty per cent 
of their rated capacity at the maximum station load. 
In most stations the average load generated is much 
less than twenty-five per cent of the maximum load, 
and, therefore, with twice the transformer capacity of 
that represented by maximum station load, the aver- 
age transformer load would not exceed ten per cent 
of the transformer capacity, all the year round. 

The efficiency of the average modern transformer 
of usual size at ten per cent of its rated load is not 
over sixty-five per cent, and the average of transform- 
ers at present in use not more than fifty per cent. 
It is perfectly safe to say that there is not an alter- 
nating-current station to-day using individual trans- 
formers for each or neighboring customers that can 
show an average efficiency of distribution of over 
sixty per cent, and few that can show over fifty per 
cent. 

In Europe, it is, to some extent, the practice to 
use transformer sub-stations with low-potential distri- 
bution from these points. Transformers are cut in 
and out at these sub-stations by attendants according 
to the demand for current. It is doubtful if, after 
paying interest on the investment in property and 
housing for these transformer stations, together with 
the investment in instruments and switches required, 
and the attendants' wages, there is very much saving 
effected. Had we nothing better to turn to than these 
systems, the cost of distribution from large stations 
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would be extreme compared with the direct-current, 
Edison three-wire system, and competition with the 
latter could not be a success. 

Another very important consideration is the econ- 
omy or efficiency of lamps used. To employ success- 
fully the highest-economy lamp made, a very uniform 
pressure must be maintained. With the usual alter- 
nating-current system, and with an equally good dis- 
position of feeders and mains, the variations of press- 
ure will exceed those in a direct-current system by 
nearly three per cent, on account of the transformer 
drop, and to secure even this limit of variation, press- 
ure wires must be used with each feeder. 

It is not surprising to find, therefore, that almost 
all alternating-current stations are using lamps requir- 
ing twenty per cent more current than those used by 
direct-current stations. 

I cannot refrain from remarking here that to 
operate any station, alternating or direct-current, with- 
out pressure wires, is to be worse than penny-wise 
and pound-foolish. In any alternating-current station 
employing overhead wires, the saving in lamp renew- 
als would equal the cost of pressure wires in little 
over a month's time. I might also add that the 
total loss of lamps is not the most serious result of 
variations in pressure. Such variations cause a rapid 
decline in candle power, and low candle power means 
disaffection of customers and the increased use of gas. 

Now, let us leave for the time the alternating- 
current station and its usual system of distribution, 
and adjourn to a modern Edison station, to see if 
there can really be anything learned from so anti- 
quated a source. On entering, we see at first large 
direct-connected generators running in multiple. We 
have also seen those in a few alternating-current 
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stations, and perhaps of larger size. We next see a 
very compact and convenient switchboard. Neither 
is that altogether new. But let us ask to see the 
svstem of distribution ; for that is what we most want 
to look into. 

On the plans of this system of distribution a 
remarkable network of feeders and mains is laid 
before us, most carefully calculated for the mainte- 
nance of uniform pressure. Means for regulating 
more or less independently the pressure on each 
feeder are provided. From numerous points in the 
system, corresponding to the feeder terminals, pressure 
wires are brought to the station, and indicators show 
the pressure at all these points. Numerous devices 
and appliances are shown us which must have been 
the result of years of experience in the development 
of distribution methods. We look with admiration, 
and ask why, with this apparently far more perfect 
system in existence, have we been working so long 
to try to perfect a new system that cannot to-day, 
we are informed, produce such results. Why, indeed! 

But let us look a little further. What are those 
massive beams ? They do not seem to support any- 
thing. ''Those are not beams. They are copper 
wires to carry the current out," we are told. *' Wires? 
Why, they weigh tons ! " '* So they do, but they are 
necessary with this system." A very serious draw- 
back, it would seem. Another question troubles us. 
Why do you occupy ground in a part of the city 
where property must be very valuable? Why do you 
not go off to one side where land is cheap? *'Oh, 
we are forced to be near our centre of business. If 
we were twice as far away we should have to use 
four times the amount of copper in those bars." 
This, indeed, seems a very great defect. But are 



there no other defects in your system ? In answer, 
we are told that there are no others that are considered 
serious. 

If this necessity for using such an enormous 
amount of copper is the weak point of a beautifully 
developed system, why do we not endeavor to over- 
come that particular point and adopt the rest, instead 
of starting out anew and alone to develop another 
system from beginning to end ? This is the question 
that should have been considered years ago. Why 
did we not start where others left off, engraft our 
alternating current and draw energy and strength from 
the old roots, instead of trying to grow from the seed 
to find ourselves running to limbs and branches with 
very little trunk to speak of. We have tried to over- 
reach our older brother, and now lack his sturdiness 
and stability. 

It is not too late, however, to begin afresh. We 
are satisfied that at the present time the Edison three- 
wire system of distribution is the most efficient in 
use and the most nearly perfect in details. We know 
that the usual system employed with alternating cur- 
rent is not efficient, and does not admit of as close 
regulation, but it is vastly cheaper to install. 

Comparing the cost of individual transformers and 
high-potential distributing mains with the three-wire 
system of mains at low potential, we do not find a 
great difference in first cost in favor of the alternat- 
ing. We do find, however, that the Edison feeders 
for the same distance cost about thirty-one times as 
much as for alternating current at i,ioo volts, 125 
times as much at 2,200 volts, or 500 times as much 
at 4,400 volts. It would then appear that if we 
could apply alternating current to the feeders at high 
potential and transform down for the mains, we might 
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reach the lower first cost of the ordinary alternating- 
current system and possibly retain all the best feat- 
ures of the direct current. To accomplish the former, 
the transformers must be provided at a small propor- 
tion of the cost of the alternating-current feeder, and 
to do the latter, they must not increase the average 
losses in the system. It is obvious that we could 
with alternating current move our station to any 
reasonable distance from our centre of distribution, 
and at comparatively small additional cost for feeders. 
The whole problem then seems to come down to 
transformer efficiency and means of regulation. 

To consider the matter of regulation first. We 
see at a glance that we cannot use the direct-current 
method of regulation by supplementary 'bus bars, but 
we can use the booster method, and can, moreover, 
apply a static booster to each feeder to regulate 
within any desired limits and with as small grada- 
tions as necessary. In fact, the booster method of 
regulation was first applied to alternating-current dis- 
tribution, and operates with much less average con- 
sumption of energy than either the supplementary 
'bus or direct-current booster method. In this impor- 
tant consideration, we can therefore improve on and 
simplify direct-current methods. 

The means of regulation having been in this way 
provided for the feeders, it remains to be considered 
what we shall do to eliminate the effects of trans- 
former drop. As we have determined on a secondary 
low-potential, three-wire distributing system of mains, 
we can altogether dispense with high-potential mains 
and limit the high potential to the feeders. If we do 
this, we can conveniently have the transformers of 
the same unit capacity as the feeders, and arrange 
each with its primary connected to its independent 
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feeder and its secondary feeding into the three-wire 
mains. We know that the effects of our feeder drop 
are eliminated if we regulate by pressure wires from 
the feeder ends. In the same way the effect of our 
transformer drop may be eliminated by bringing 
pressure wires from the secondary terminals. The 
feeder drop and transformer drop therefore become 
one, and are cared for in the same way. We can 
even secure better general regulation than with the 
direct-current system, as we have a better form of 
feeder regulator and have eliminated the effects of 
transformer drop. 

Now, to return to the transformer itself and its 
efficiency. It is evident that, with this system, the 
transformer capacity need be no greater than that 
required for maximum station load, instead of more 
than twice that amount or nearly equal to that 
required for the total number of lamps connected. 
This at once doubles the average load on oijr trans- 
formers, and raises the average efficiency. It also 
incidentally reduces the first cost of transformers in 
still greater proportion. We also know, however, 
that transformer efficiency at light loads is dependent 
on the iron loss, and that this is interdependent with 
the regulation or drop. If we can increase the drop, 
we can decrease the iron loss, and thereby greatly 
increase the average efficiency. Having provided 
against any interference with the regulation of the 
system by the transformer drop, we can afford to 
increase that to the heating limit of the copper. In 
this way, a loo-kilowatt transformer can be built with 
an average efficiency of over ninety-eight per cent. 
The entire transformer loss can. moreover, be more 
than made up by the less loss in feeders, which we 

would naturally have with alternating current. 
II 
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We have thus eliminated the two features in which 
the ordinary alternating-current system of distribution 
has been inferior to the direct-current, and have pro- 
vided means for obtaining better regulation and 
higher efficiency at a very much less cost of installa- 
tion than with the direct-current system. 

This system was conceived several years ago, and 
it has since been my good fortune to have an oppor- 
tunity to install a system of this kind on a large 
scale, which is now in very satisfactory operation. It 
is laid out exactly as a three-wire Edison system 
would be, except that there are no sub-feeders. A 
network of mains is planned as if for use with direct 
current. The feeders are all designed for iiokilovvatt 
maximum load at 1,100 volts, and at each feeder end 
is placed a 1 lo-kilowatt transformer feeding into the 
three-wire network in the same manner and at the 
same points as with the direct-current system. The 
transformers are located in manholes of suitable design. 
From the secondary terminals of each transformer, 
pressure wires are run back to the station. Each 
feeder has an independent regulator by which the 
pressure can be raised or lowered. There are no 
primary mains, nor any connection whatever between 
the primary feeders. The regulators .perform two 
functions They are used to maintain the proper 
pressure as indicated by the voltmeters and also to 
divide the load between transformers in any way 
desired as indicated by the feeder ammeters. It is 
possible to shift the entire load from one transformer 
and feeder to an adjacent transformer in this way 
without sensibly affecting the pressure on the system, 
and an equal division of load between transformers 
can be readily maintained at all times if desired. This 
is a very important consideration when vefry heavy 



loads or overloads are to be carried. The distribution 
of load on any large system is constantly changing 
as new customers are connected, and in large Edison 
stations certain feeders often become so overloaded 
that it is found necessary for their safety to put 
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resistance in series with them to force some of the 
current to other feeders. The possibility of over- 
loading any individual feeder beyond its share is 
absolutely provided against in the system described. 
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To make the arrangement of this system perfectly 
clear it is illustrated diagrammatically in Figure 2. 

In Figure i are shown four curves of station dis- 
tribution efficiency. No. i is that of a representative 
Edison three-wire, direct-current station. No. 2 is the 
new alternating-current system described. No. 3 is 
the usual alternating-current system employing separate 
transformers for each customer or for adjacent cus- 
tomers, the best modern transformers being used. 
No. 4 shows the same system, but with the average 
transformers found on the lines of most existing 
stations. These curves were plotted from the follow- 
ing data obtained from actual practice 

No. I. No. 2. No. 3. No. 4. 

Per cent. Per cent. Per cent. Per cent 

Feeder loss 24 8 10 10 

Main loss 2 2 2 2 

House wiring loss i 1,1 i 

Transformer loss, iron .23 6 12 

copper .. 2.7 I .5 
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Total loss at maximum 

station load 27 13-93 20 25.5 

Efficiency at maximum 

station load 78.7 87.9 83.3 79.6 

The efficiencies of distribution at assumed average 
loads are shown to be as follows : 

No. I. No. a. No. 3. No. 4. 

Per cent. Per cent. Per cent. Per cent. Per cent. 

Load, 25 94.1 95-8 78.4 66.6 

Load, 20 94-8 96.2 75.3 61.4 

Load, 15 96.1 96.5 70.3 54.3 

Load, 10 97-3 96.4 61.9 45.1 

At maximum load it will be noticed that the effi- 
ciency of alternating current No. 2 is ten per cent 



higher than No. i, the direct current. This means 
that the same energy can be delivered with ten per 
cent less capacity in generators, engines and boilers. 
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or a difference of ten per cent in the first cost of 
generating plant. It is pertinent to remark here that 
alternating-current generators also have a much 
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greater margin for overload for short periods than 
direct-current generators. The efficiency at average 
load, or the all-day efficiency of the No. 2 alternating- 
current system, is also shown to be appreciably higher 
than the direct-current. In large central stations the 
average load is generally found in practice to vary 
from about fifteen to twenty per cent of the maximum, 
and it will be noted that from twelve per cent 
average load up, No. 2 curve for the special system 
of alternating-current distribution shows a higher 
efficiency than the direct-current. 

It may be asked what effect the aging or fatigue 
of the transformer iron will have on these figures. 
I answer, none appreciable. Transformer manufac- 
turers are willing to guarantee as low as one per cent 
increase per year in iron loss. This means one per 
cent of the actual amount of energy lost in the iron, 
so that, if this increase continued at the same rate, it 
would take one hundred years to double the iron 
loss. Experiments tend to show, however, that this 
effect rapidly approaches a maximum, and that, there- 
fore, the increase goes on at a constantly decreasing 
rate. The entire effect may be eliminated, if desired, 
about once in five years by reannealing the trans- 
former iron at a very small expense. 

It has been the practice in some European stations 
to cut out transformers during periods of light load, 
but it will be seen that cutting out transformers in 
the system described would only decrease the effi- 
ciency ; in fact, the efficiency is higher at about the 
average load, and the system was designed through- 
out to accomplish this result. 

The less we say about curves Nos. 3 and 4 the 
better, as at small loads the efficiency is shown to be 
appallingly low. 



EXTENSIONS OF DIRECT-CURRENT SYSTEM BY ALTER- 
NATING CURRENT 

Several large three-wire, direct-current Edison sta- 
tions are beginning to employ alternating current to 
extend their lighting territory beyond that possible or 
profitable with low-tension current. This is a recog- 
nition of alternating current which would not have 
been considered for a moment a few years ago. 
They now propose to use alternating current to trans- 
mit their energy at high potential to a distant sub- 
station, where it will be transformed to a lower press- 
ure and then again transformed by means of rotary 
transformers to direct current, which is in turn dis- 
tributed over the three-wire Edison system as if gen- 
erated in the ordinary way. This is a very beautiful 
and instructive application of alternating currents, and 
ingeniously designed machinery. It gives the manu- 
facturers a chance to sell additional machinery, swells 
the company's real estate investment and gives work 
to the unemployed to operate the sub-stations. 

The loss in the conversion to alternating current 
and back is about fifteen per cent in addition to the 
loss in static transformers and lines. This distribu- 
tion might be accomplished without the additional 
machinery, wire, real estate, labor, and loss in effi- 
ciency. It is hardly to be expected, however, that 
those who have grown up under the protection or 
influence of direct current would use alternating 
current any further than absolutely necessary until 
they have grown more accustomed to the new mode 
of travel. After looking across the stream to coveted 
territory for many years, they are willing to use the 
new bridge and to ride across at about the highest 
speed provided, but when they get on the other side 



they are more than satisfied to foot it again the rest 
of the way. 

A much higher efficiency of distribution, and better 
regulation, could be secured by using the alternating- 
current system as it is, without transformation to 
direct-current, and everything could be controlled 
from the main station without employing labor or 
apparatus at sub-stations. Why do they not use it 
so? They say that many things cannot be accom- 
plished as well with alternating current. If that is a 
challenge, we will accept it and try conclusions with 
them. Let us then anticipate these various objections 
and see what they amount to. 



FIRST, EFFICIENCY 

We have already seen how a properly designed 
system of distribution for alternating currents may be 
made to exceed the direct-current system in efficiency, 
taking the latter under its most favorable conditions. 
If we then add to the usual losses in the direct- 
current system the losses in double rotary transforma- 
tion and in static transformers, the very great differ- 
ence in favor of the alternating current is still more 
marked. 

REGULATION 

It has been shown how very simple and reliable 
regulators can be provided for each alternating-current 
feeder, which will secure the closest possible regula- 
tion over any range desired, and this can be effected 
at a loss of less than one per cent. Such close regu- 
lation can only be secured with direct current by the 
use of a number of generators connected to auxiliary 
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'bus bars, or by connecting the feeder ends to adjust- 
able resistance connected between the 'busses of two 
or more generators. The first cannot be realized in 
a rotary-transformer station, and the last is quite 
wasteful of energy. Regulators placed on the alter- 
nating-current feeders of the rotary transformers con- 
trol alike the pressure on each rotary, and all the 
direct-current feeders supplied by the same, in exactly 
the same way as field regulation does on a direct- 
current generator. Such regulation can only be 
effectual with a number of small rotaries not operated 
in multiple. The best regulation can, therefore, 
undoubtedly be secured with the alternating-current 
system. 

OPERATION OF ARC LAMPS 

It seems now to be the universal opinion among 
Edison station men that the enclosed-arc, long-burning 
lamp is destined to replace all the old forms of arc 
lamp. We will, therefore, consider this type of lamp 
only. Fully as well-burning lamps of this type are 
now made for alternating current. They are also 
about as free from noise as the direct-current lamps. 
Many will say, however, that it is impossible to get 
as much light from the alternating current as from 
direct current. That is true if we state that the same 
energy in the arc produces less light with alternating 
current than with direct current. It has been deter- 
mined that the alternating-current arc produces about 
seventy per cent of the light to be obtained from the 
same number of watts in the direct-current arc. The 
usual direct-current enclosed arc requires five amperes 
at 115 volts, or 575 watts. How much of this is 
used in the arc ? Somewhat less than eighty volts, or 
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under 400 watts ; the balance of over 1 75 watts being 
wasted in resistance. 

With alternating current, seventy per cent of the 
amount of light would be obtained with this 400 
watts, or about 570 watts would be required to pro- 
duce the same light. The alternating-current arc is 
best operated at about seventy volts, but inductive 
resistance is used to bring the pressure down to this 
amount. This inductive resistance consumes about 
ten watts' actual energy, making in all 580 watts, 
against 575 for the direct current for the same 
amount of light. This difference of five watts, or 
less than one per cent, is insignificant. 

The standard alternating-current enclosed arc con- 
sumes about 420 watts at the lamp terminals, but 1 
have had made to order a large number of 550-vvatt 
lamps, which have replaced many series ten-ampere 
direct-current lamps. There are certain kinds of arc 
lighting to which the alternating current is particu- 
larly well adapted, of which I will speak later on. 

MOTORS 

The greatest argument used against alternating 
current used to be that it would not run a motor. 
It has long ago proved that it can, and that without 
a commutator. This subject now brings us to multi- 
phase systems. There are two of these systems in 
general use, the two-phase and the three-phase. Other 
systems are but modifications of these and will be 
mentioned as such. Motors can be operated with 
equal facility and efficiency on either system and have 
many distinct advantages over direct-current motors. 

For long-distance power transmission the three- 
phase system shows an economy in copper; but for 
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lighting, or for lighting and power combined, it is 
not at all well suited. I might say that where light- 
ing is a distinct feature, and first-class service is to be 
rendered from a large station, the three-phase system 
cannot be used successfully. On even the best gen- 
erators, the windings are so entirely interdependent 
that a change of load on one phase will affect the 
pressure on the other two ; but a defect even worse 
is the impossibility of regulating the phases independ- 
ently for drop in the feeders if the load happens to 
vary differently on any two. Any regulator placed in 
circuit with one phase will effect about the same 
change of pressure in the adjacent phase within the 
usual limits of regulation. Regulation is then a ques- 
tion of the best possible averages, and at best is but 
guesswork. With the feeder and transformer drops 
found economical in practice, it would be practically 
impossible to keep the pressure sufficiently constant 
for high-efficiency lamps. The complication of wiring 
is also very serious, especially if the Edison three- 
wire system is used for distribution, as six wires 
would then be required, forming six circuits that 
must be kept balanced. 

The two-phase system is subject to the same objec- 
tions unless the two phases are used separately for 
lighting, in which case we have the complication 
equivalent to twice the number of generators and 
feeders. 

For good regulation and simplicity, the single- 
phase system cannot be equaled by any multiphase 
system. 

The so-called monocyclic system is a modified 
two-phase system in which current is distributed for 
lighting on a single-phase circuit only, and a third 
wire carries current in quadrature to the first, which, 
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in connection with the first, is transformed to a three- 
phase relation wherever it is desired to operate 
motors. The regulation of this system can be made 
almost as good for lighting as the single-phase, and 
can be as simply effected. The third wire adds com- 
plication, but no balancing is required, as all the 
lighting is done from single phase on two wires. If 
low-tension, three-wire distribution is attempted with 
this system, a fourth wire must be used for power 
distribution. 

A system practically the counterpart of the mono- 
cyclic, is the three-wire, two-phase system, in which 
the lighting is all done on one single-phase, and a 
third wire is used in conjunction with the other two 
for power. It is handled in exactly the same man- 
ner as the monocyclic system, the only practical 
difference being in the relative potential of the quarter- 
phase circuit In the monocyclic, the quarter-phase 
element of the generator winding is one-quarter the 
potential of the main winding, giving between the 
power line and the main lines a pressure of fifty-five 
per cent of that between the main lines themselves 
In the special form of three-wire, two-phase, the 
quarter-phase element of the generator winding is 
equivalent to one-half of the main winding, which 
causes a pressure between power line and main lines 
seventy-one per cent of that between the main lines. 
For power distribution, this system requires slightly 
less wire than the monocyclic Figure 3 shows dia- 
grammatically the arrangement of this system used in 
connection with the special method of distribution 
already described. The diagram shows a system of 
two-wire mains for lighting to which might be applied, 
of course, the Edison three-wire system. The motors 
used would most naturally be of the two-phase type 
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although three-phase motors may be used with equal 
facility by the method of transformer connections 
devised by Mr. Scott. 
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It can be readily seen that while these systems are 
much better adapted to general station distribution 
than the two-phase or three-phase, they still lack the 
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simplicity of the single-phase, and both require more 
v^ire. Fortunately, we can now obtain single-phase 
motors which equal the multiphase and direct-current 
motors in efficiency and almost all desirable points. 
They start readily with load and may be operated 
with variable speed ; in fact, they equal the direct- 
current shunt motor in all points, excelling it in 
efficiency and simplicity. 

We can meet the direct-current advocates on the 
power question, therefore, on at least an equal footing, 
save only one application met in central-station prac- 
tice ; namely, the operation of high-speed elevators. 
The alternating-current motor, multiphase or single- 
phase, cannot be controlled for this work as readily 
as a compound series, direct-current motor. It has 
taken several years, however, to perfect the mechanism 
for the control of direct-current elevator motors. 
Give us the same time, and we will do it with alter- 
nating current. This field for power has only of late 
been opened to direct-current stations, and it is yet a 
question for debate as to whether it is a paying one. 



SPECIAL APPLICATIONS OF CURRENT 

There are many special applications of current 
met with in practice, most of them bringing a small 
return, such as electro-plating, electro-cautery, charg- 
ing small storage batteries, electric heating and cook- 
ing, etc. The first three require low-potential cur- 
rents, and are economically effected only by motor 
generators or rotary transformers. It is evident that 
this transformation can be accomplished as readily 
with alternating current as with direct current Elec- 
tric heating and cooking are as yet luxuries, and can- 
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not be depended on for much revenue. They can be 
done with equal facility by alternating current. 

STORAGE BATTERIES 

Here we come to the direct-current advocate's last 
and greatest stronghold. To this he retreats with 
great confidence of safety. We may ask first whether 
storage batteries have yet been proved to be a valu- 
able adjunct to the central station, cost and mainte- 
nance considered. It is true they are being tried by 
several large stations, and we watch eagerly for the 
results. They equalize the station load to a greater 
or less degree, and cut down the generator capacity 
for the peak. Are they, however, cheaper than gen- 
erators, engines and boilers of the same capacity ? 
Are the losses in transformation less than the cost of 
a few more attendants? Is their maintenance less 
expensive than that of generating apparatus? These 
questions cannot as yet be answered in the affirma- 
tive. But if the battery man's most sanguine hopes 
be realized, what then ? If rotary transformers are 
good enough for the direct-current man to use to 
change the direct current to alternating current, trans- 
mit a good proportion of his load to a distance and 
transform again to direct current, why should not the 
alternating-current man use them to charge his bat- 
teries and then to transform their output back to his 
pet form of current ? Loss in transformation, do 
we hear some one say ? Not any more than with 
our contemporaries' long-distance transmission system, 
and, in this instance, they are small and unimportant, 
we are told. There is at least one station in the 
country where storage batteries are being used in this 
way, and I believe with success, as storage batteries go. 
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Have our direct-current friends anything more to 
bring forward ? Or have we forced their last posi- 
tion ? Weil, we will declare a truce, and acknowledge 
that they fight bravely. We have learned as much 
from them as they can learn from us. If we had 
been as quick to acknowledge their beautifully 
designed distributing details and applications as they 
have been to appreciate a few of the advantages of 
our current, we might have been nearer together, or 
even hand in hand, long ago. As it is, we are both 
working to the same end, and our paths must join 
sooner or later as they converge. 

Before closing, I wish to recapitulate a little, and 
draw your attention more forcibly to the flexibility of 
the alternating-current system. We all know of the 
many applications to which this current is now put, 
and what we have described here is, most of it, not 
new to many of us. The use of the rotary trans- 
former has been widely talked of and described for 
the last two years. The facility of operating lines at 
any potential desired, through the means of step-up 
and down transformers, is no longer an experiment. 
Multiphase motors arc familiar to all, while single- 
phase motors have been much talked of and written 
about, and failures have, time and again, followed 
boasted success. Many of us, however, have within 
the last year seen them quietly at work, thoroughly 
tamed and domesticated. One large station is using 
them extensively, and is so thoroughly convinced of 
their success that it has discarded all notion of using 
multiphase distribution, although it is using gener- 
ators that can be operated two-phase if desired. 
Direct-current motors are being rapidly replaced by 
these single-phase motors to secure unifoi'mity of 
system. 
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Arc lamps have been familiar to us on alternating- 
current circuits for some time, and the alternating 
current, enclosed, long-burning arcs are now numbered 
by the thousands. Street lighting is still, however, in 
most places done on the direct-current series system, 
and even the largest machines yet built for this pur- 
pose are very small in comparison with our large 
direct-connected generators. 

The great desideratum in central-station practice 
is to be able to employ one system for everything. 
All current for all classes of service should be sup- 
plied from but one type of generator, be this directT 
current or alternating-current. In this way, only, can 
the maximum output be accomplished from a given 
investment m machinery and apparatus, and the 
greatest economy in operation secured. This has 
been accomplished . in many stations where a limited 
range of service is to be provided. Arc lighting has, 
of all, been the most troublesome to provide for. 
How shall we operate our arc lamps from our incan- 
descent lighting system, has been the anxious inquiry. 
The constant-potential arc lamp has answered this 
question for commercial lighting, but city street light- 
ing cannot be so easily provided for. The Edison 
companies have done a limited amount of this from 
their three-wire system, but this can be done to 
advantage only in districts where mains have been 
|)rovided for commercial lighting. For extended arc 
lighting, the small series machine with its belts and 
:lutch pulleys still holds the fort. 

I am able to state, however, that one large com- 
)any has recently solved the problem to its entire sat- 
sfaction. This company furnishes 2,600 street lamps 
the city, lighting some 300 miles of street. These 

^ere operated by a small army of series arc machines. 
12 
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They were installed by a company that was acquired 
by purchase by the one first mentioned. As this 
company had long since adopted alternating current 
for its entire distribution, it was extremely desirable 
to be able to operate these city lamps from its large 
direct-connected alternators, thereby saving in fuel, 
attendance, floor space and reserve investment. 

After a few months' trial of an experimental cir- 
cuit with alternating current, it was found perfectly 
feasible to operate the same direct-current lamps, 
slightly remodeled, on the same circuits of sixty or 
eighty lamps in series. A system of this kind was, 
therefore, adopted and the company now has 2,300 of 
these lamps in regular operation by alternating current 
in this way. The circuits are each provided at the 
station with a regular step-up transformer of a maxi- 
mum capacity of 4,000 volts and ten amperes, and 
the feeders to these transformers are treated on the 
switchboard in the same way as the feeders for incan- 
descent lighting. It is quite usual for one generator 
to carry 2,000 of these lamps. The lighting is satis- 
factory to the city and the lamps give better service 
than when operated by direct current. There has 
been a very marked saving in fuel and attendance. 
The indicated horse-power per arc lamp is considerably 
less than with the direct-current arc lamps operated in the 
usual manner. Figure 4 shows this system in diagram. 

I know of no other place where this is being 
done, and it stands as a very pronounced example of 
the flexibility and adaptability of alternating currents. 

There have been a great many problems in the 
operation of large alternating-current stations that 
have been discouragingly difficult of solution. The 
handling of high potentials on switchboards, the oper- 
ation of generators in multiple, with facility, and 



scores of more or less important difficulties, have, one 
by one, been surmounted, the burden of the work 
usually falling on a few of the pioneer stations. 



Generator 



AmmcFcr 




^i^-^ 



9if-^ -)kr-^ — M—i 



^ 



F16.4. A-CSefjies A^c-LisHt System. 



In summing up, we find the following marked 
features in which the alternating current, properly 
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installed, has been shown to have pronounced superi- 
ority over the direct current : 

Highest possible efficiency of distribution and 
operation. 

Best regulation. 

Largest territory desired readily supplied from one 
station. 

Comparatively small cost of feeders, effecting 
enormous saving in investment. 

Least cost of real estate. 

Cost of installing and operating sub-stations 
entirely voided. 

The only system in which all classes of service 
can be supplied from one type of generator. 

Greatest flexibility. 

In closing, I wish to thank my friends and 
co-laborers of the direct-current faith, from several 
of whom I have had the pleasure of learning much 
that has proved of great value to me. 

The President : I will ask Mr. Ferguson to read 
his paper on general distribution from central stations 
by direct currents. 

Mr. Ferguson read his paper, as follows : 



GENERAL DISTRIBUTION FROM CENTRAL 
STATIONS BY DIRECT CURRENTS 



Mr. President and Gentlemen of the National Electric 
Light Association : 

The subject of central-station distribution by direct 
currents is one that is so familiar to many of you 
that I hesitated when asked to write this paper, feeling 
that it would be difficult to present to you any new 
thoughts or experiences, so I trust you will pardon 
me if in the attempt to precipitate discussion and 
bring to the attention of the meeting the ideas and 
experiences of others, which is, after all, the object of 
my paper, I may trespass upon ground previously 
explored. 

Nor do I wish to be construed as advocating 
blindly the general use of direct currents under all 
conditions for both transmission and distribution of 
electricity for lighting and power purposes in cities and 
towns, for records will, I think, clearly show that the 
writer was the first of the so-called Edison central-station 
men (who have represented the direct-current idea in 
central-station lighting) to advocate the introduction of 
the alternating current as a means of effecting important 
economies in the operating of the direct-current distri- 
bution systems, and also vastly extending their field 
of operation, which, without the combination of alter- 
nating currents, might have remained, despite their 
distinct advantages, unfortunately limited to a com- 
paratively small and closely-populated area. 

The general design of the modern direct-current 
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central station and its equipment has been fairly well 
established within the past five years, and while it was 
originally the custom to erect the generating stations 
as nearly as possible in the electrical centre of the 
city or town, it is now generally conceded that direct 
current may be more economically distributed from a 
condensing station situated even a mile distant from 
the electrical centre than from a non-condensing 
station located at the electrical centre of the city; 
and it has been further demonstrated that the former 
practice of building many central generating stations 
in various centres of distribution in cities is to be 
supplanted by the use of one or two large condensing 
stations, generating direct current for distribution 
throughout the business district if the station be within 
one mile of the electrical centre of the district, and 
alternating current for transmission to sub-stations 
located at the electrical centres of districts more 
remote from the main generating station. In some 
cities, water for condensing purposes may not be easily 
obtainable within a distance of one mile, and the 
location is then merely a question of total cost of 
land, building, and transmission lines to the various 
distributing stations ; proper consideration being given, 
of course, to the limitations of line voltage and 
insulation. 

In order to show the workings of the first-men- 
tioned type of modern direct-current central-station 
systems, I will explain in a general way the method 
of distribution employed in the system of the Chicago 
Edison company, which I think fairly represents the 
latest development in direct-current distribution, and 
will leave the explanations of the methods of direct- 
current distribution in other cities to the representa- 
tives of the companies operating them. 
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The system of distribution is a solid network of 
underground conductors on the three-wire system, 
extending from North avenue to Thirty-ninth street, 
a distance of six miles north and south, and from 
Lake Michigan to Blue Island avenue, a distance of 
one and one-half miles east and west. The entire 
network is continuous from end to end, and is sup- 
plied at present from four central stations, all con- 
nected in parallel through the network and each 
feeding into it. The two large stations located at 
Harrison street and Washington street on the Chicago 
River, and known as stations No. i and No. 5, 
respectively, are condensing plants, while the stations 
on the north side and south side, located at North 
Clark and Oak streets and Wabash avenue and 
Twenty-seventh street, known as stations No. 4 and 
No. 2, respectively, are non-condensing. 

The total current furnished to the network at the 
time of maximum load of the system in the winter of 
1897 was 50,730 amperes, and is divided as follows: 

Per cent 
Amperes of total 

Station No. i 35»6oo 70.2 

Station No. 5 7,600 15.0 

Station No. 2 3,400 6.7 

Station No. 4 4» 1 30 8. i 



50,730 100.00 

The total low-tension, direct-current kilowatt-hours' 
output for the stations for the fiscal year of 1897 was 
15,255,466, divided as follows: 

Yearly 

Maximum average 
Low-tension Per cent of station station 

kilowatt-hours total voltage voltage 

Station No. i .. 1 1,335,618 74.3 149. 126.2 

Station No. 5.. 2,314,473 15.2 142.5 129.6 



Station No. 2.. 808,158 5.3 125.0 

Station No. 4.. 797,217 5.2 123-5 



1 19.0 
I 20. 1 . 



15.255,466 100.0 
The pressure at the feeder ends throughout the 
system is maintained at 115 volts on each side of the 




three-wire system. Although the maximum-station 
pressure is 149 volts, the average pressure of all 
stations for the year is 126.2 volts, giving an average 
loss of pressure of 11.2 volts or 8.8 per cent, which 
means an average yearly efficiency of distribution of 
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91.2 per cent from the station switchboards to the 
customer's meter. 

The centre of distribution in the business district 
of the city is at Adams street, between Clark and 
La Salle streets. Station No. i, which, as has been 
shown, furnishes 74.3 per cent of the total low- 
tension output, is located on the Chicago River at 
Harrison street, 3,340 feet distant from the centre of 
distribution at Adams street. Station No. 5, which 
furnishes fifteen per cent of the total low-tension 
output, is located on the Chicago River at Washing- 
ton street, and is 4,500 feet from station No. i, and 
3,000 feet from the Adams street sub-station. These 
two stations furnish all the low-tension output for the 
district bounded by the river on the north, Harmon 
court (approximately) on the south. Lake Michigan 
on the east and the river on the west. They also 
furnish all the energy for the entire low-tension 
system of the city during the hours from midnight 
until dusk the following afternoon, and a portion of 
the output of districts No. 2 and No. 4, from dusk 
until midnight daily ; and ultimately they will furnish 
all of the output of the territories mentioned, and all 
of the energy required for alternating transmission 
lines into the outlying districts of the city and its 
suburbs. 

The load curves **A" here shown, indicate the 
amperes furnished in district No. i, by stations 
No. I and No. 5, the small lower curve representing 
that delivered by station No. 5, and the lower large 
curve showing that delivered by station No. i, and 
the upper curve representing the total amperes 
delivered to district No. i. 

The distribution of current from these two stations 
to the underground net work is as follows : 
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From station No. i to the Adams street sub- 
station is laid an immense trunk line known as the 
Adams street trunk line, having a total cross- 
sectional area of 66,000,000 circular mils, 28,500,000 
circular mils being ordinarily connected on the 
positive and negative sides and 9,000,000 circular 
mils in the neutral. The length of this trunk line 
is 3,340 feet, and is made up of fifteen special 
Edison tubes, each 3,000,000 circular mils area, laid 
directly in the ground, and fourteen 1,500,000-circular- 
mils stranded rubber-insulated, lead-covered, and juted 
cables drawn into cement-lined iron ducts. The trunk 
line, on leaving station No. i, goes down a shaft 
sixty feet, thence through a brick tunnel built 
especially for it in the river bed to the east side, 
where it rises again in another shaft sixty feet into 
the tunnel house, where a small switchboard is 
located. The portion of the trunk line in the shafts 
and tunnels, which is 430 feet in length, is made up 
entirely of cables ; of these forty-five are 1,000,000- 
circular-mils Siemens jute-insulated and fourteen are 
1,500,000-circular-mils General Electric rubber-insu- 
lated, leaded, asphalted and iron-armored submarine 
cables, each supported on iron racks. Where the 
cables hang vertically in the shaft, the cable is 
supported by the iron-armored sheathing clasped 
between iron plates on a heavy cast-iron ring. The 
copper conductors thus hang in a sort of basket, the 
strain being distributed throughout the length of the 
cable. At the tunnel house the forty-five Siemens 
i,ooo,ooo-circular-mils cables connect with fifteen 
3,000,000-circular-mils, single-pole Edison feeder tubes, 
and, together with the fourteen 1,500,000-circular-mils 
cables, are mounted on racks in a large subway, into 
which the duct line enters about two hundred feet 



east of the tunnel house. At intervals of about five 
hundred feet, manholes are built in the Edison tube 
portion, as well as in the conduit portion, of the 
trunk line, thus affording a quick means of locating 
low-insulation points as they develop. Each of the 
tubes and cables is provided with an amperemeter at 
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station No. i, and with switches at both ends, so 
that they may be completely disconnected from the 
system in case of trouble. Two of the 3,000,000- 
circular-mils tubes are provided with throwover 
switches and arranged so that they may be quickly 
connected either to the positive or neutral or negative 
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or neutral at will. All of the cables are provided 
with throwover switches on both ends, so that they 
may be operated either as positive or negative at 
will, thus providing for any possible contingency that 
may arise. At the Adams street sub-station the 
trunk line feeds into the main 'bus-bar in the distri- 
bution room, and from the switchboard forty-two 
feeders radiate to various points in the business 
district, ranging in size from 250,000 circular mils 
to 1,000,000 circular mils, and in length from 290 
feet to 2,831 feet, the average size being 485,000 
circular mils, and the average length of feeder iy;iy^ 
feet. 

The maximum current in amperes carried over the 
trunk line and distributed from the Adams street 
sub-station last December was 34,400 amperes, the 
maximum loss of pressure on the trunk line being 
12.4 per cent, and to the customers* meter 22.8 per 
cent, the distance to farthest feeder end being 6,171 
feet. In addition to the current furnished to the 
trunk line, station No. i also delivers from its main 
'bus-bar current to the two i,ooo,ooo-circular-mil feeders 
that feed into two points in the southern portion of 
the business district. One of these feeders, terminat- 
ing at Wabash avenue and Harrison street, is 3,800 
feet in length, and carries, with maximum station 
pressure, 780 amperes on each side ; the other, term- 
inating at Eldredge court and State street, is 4,800 
feet in length, and carries, with maximum station 
pressure, 620 amperes on each side. The supplying 
of district No. i by station No. 5 is done in much 
the same manner as that just described by the two 
feeders from station No. i into the southern portion 
of the district. From station No. 5 eight feeders, 
varying in size from 400,000 circular mils to 1,000,000 
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circular mils, and in length from 2,175 feet to 4,445 
feet, terminating at different points in the northern 
section of district No. i, deliver a total of 7,600 
amperes at maximum station pressure of 140 volts, 
the amount of current furnished during the run being 
only enough to maintain standard system pressure at 
the feeder ends, the curve of station voltage following 
very closely that of station No. i.. 

Station No. 2, which is now really a rotary-trans- 
former sub-station, is 17,500 feet from station No. i, 
and 14,300 feet from Adams street sub-station. The 
load diagram ''B" shows the amperes delivered to 
district No. 2, the cross-hatched portion representing 
the current furnished through the rotary transformers 
and the unshaded portion representing the current 
furnished by the dynamos in station No. 2, the 
dynamos and rotary transformers operating in parallel 
on the three-wire system. The upper curve shows the 
total amperes delivered to district No. 2. 

Station No. 4, which now operates only from dusk 
till midnight, and will later become a sub-station, is 
11,500 feet from station No. i, 9,000 feet from 
station No. 5, and 8,000 feet from Adams street sub- 
station. The load diagram **C" shows the amperes 
delivered to district No. 4. The portion of the curve 
from midnight until 3.30 p. m. on the winter day and 
until 6.30 p. m. on the summer day is furnished from 
district No. i through the inter-connected underground 
network, the district No. 4 being, during these hours, 
merely an extension of district No. i, and having no 
distinct supply delivered through its own switchboard. 
From dusk till midnight the generating plant in 
station No. 4 is operated, and the current is delivered 
as shown by the next to the highest curve on the 
diagram, the low curve marked No. 5 representing 



the amperes furnished by station No. 5 to district 
No. 4 over a direct-current tie line between the 
switchboards of the two stations. The tie line is 
made up from one feeder running out of station 
No. 5, originally feeding into district No. i and now 
connecting, by means of river cables, with a feeder 




out of station No. 4, which formerly fed into the 
district at a southern point. This tie line is also used 
on dark days to keep up the pressure in district No. 4 
by connecting onto the main 'bus in station No. 5 and 
allowing it to take a small current and deliver it to 
station No. 4 switchboard, thus relieving tlie network 
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between districts No. i and No. 4 of some of the 
work. Between the hours of midnight and eight 
o'clock in the morning there is only one low-tension, 
direct-current generating station operating (station 
No. i), supplying direct current to district No. i, and 
through the network to district No. 4. 

District No. 2 is supplied from station No. i by 
means of a converse rotary transformer connected to 
the 250-volt direct-current *bus-bars, converting to 
three-phase alternating current at about 160 volts. 
By means of step-up transformers, this is raised to 
4,500 volts and at this pressure the energy is trans- 
mitted by three-phase underground transmission line 
to station No. 2, where it is reduced by step-down 
transformers to about eighty volts and converted by 
means of rotary-current transformers to direct current 
at about 1 15 volts. 

For the permanent conversion of station No. 2 
into a sub-station, a pair of special 200-kilowatt 
generators are being installed, directly coupled to the 
existing 600-horse-power, triple-expansion engines in 
station No. i. Each generator is provided with a 
commutator and a set of three collector rings, and is 
designed to deliver from the same armature direct 
currents and three-phase alternating currents; the direct- 
current sides of each pair of machines being connected 
in series to form a three-wire unit, and the alternating- 
current sides, after passing through transformers 
stepping up to 4,500 volts, being connected in 
multiple. The alternating current from these machines 
will be taken to supply the transmission line to 
station No. 2, and the balance of the capacity of the 
machines will be delivered directly into the main 
direct-current 'bus-bar of station No. i, thus keeping 
the unit operating at full load and maximum efficiency 
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during its run. The peak of the load in district 
No. 2 arrives later than the peak of district No. i, 
so that the same investment in steam and electrical 
machinery may be employed to take care of a portion 
of the peak in both districts, these special generators 
constituting a reserve or surplus for the direct-current 
equipment of station No. i. 

Lest I might wander from the subject of the 
paper, I shall not now dwell further upon the question 
of transmission of energy by alternating currents, 
although it plays an exceedingly important part in 
the distribution of electricity by the Chicago Edison 
company. 

Uniformity of pressure throughout an incandescent 
electric-lighting system is absolutely essential to com- 
mercial success. To accomplish this, different methods 
have been proposed at different times. It often 
happens that the original plan of distribution, laid out 
by the constructing engineer, does not meet the 
requirements after several years' growth of the busi- 
ness; for in all cities lighting business may localize at 
certain special points, and so demand a remodeling 
of the existing system of conductors, or require some 
meams of correcting the inequalities of pressure that 
are due to the unevenly-distributed load. 

In the Edison systems built prior to 1890, it was 
customary to introduce in series with each feeder a 
resistance box with capacity to carry the entire cur- 
rent of the feeder and of resistance much greater than 
that of the feeder itself. The resistance box is com- 
monly known as a feeder equalizer. From the end of 
each feeder where it connected with the mains, a set 
of pressure wires was run back to the station and 
there connected to pressure indicators. The method 
of regulating was to designate the feeder supplying 
13 
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the most important district in Ahe system the standard 
feeder, and to keep its pressure constant, say no 
volts. Each pressure indicator of the other feeders 
was differentially wound, so as to receive the pressure 
of the standard feeder as well as the pressure of its 
own feeder. When there was any difference of press- 
ure between the standard feeder and a given feeder, 
the latter's indicator needle would deflect to one side 
or the other according as the pressure on that feeder 
was higher or lower than the standard, and if the 
equal of the standard the indicating needle would 
stand in the centre. If, then, any indicator showed 
that its feeder was low in pressure, some resistance 
would be cut out of its feeder equalizer, and, the 
resistance diminishing, the volts loss on the feeder 
would then become less, and thus the feeder could be 
brought to the same pressure as the standard. If the 
pressure of the feeder were high, the operation would 
be the reverse. With this method of regulation, the 
entire output of the station must be at such pressure 
at the station switchboard as will permit the delivery 
of the correct pressure at the end of that feeder the 
product of whose load and resistance is greatest in 
the system. There are some large stations in America 
operating to-day on this plan of regulation, notwith- 
standing that it is an expensive and troublesome one. 
Another method of regulating, which may be employed 
where the load is fairly well distributed, is by cutting 
out the feeders that are high and forcing the current 
to travel through the remaining feeders and the mains, 
thus increasing the fall of pressure to the end of the 
feeders that were formerly high. The only economical 
and safe way to regulate in a city where the distances 
are not abnormally great, and where the load is fairly 
well distributed, is to so design the conducting system 
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that it will be self-regulating, that is, so that it will 
require no change of the resistance of feeders or any- 
thing of the kind. A good conducting system should 
have an ample number of feeders reasonably close 
together, and the connecting mains should be of gen- 
erous cross-sectional area. 

A valuable adjunct to a station, where there are 

one or two straggling feeders of great length so 
located that they cannot be interconnected with the 
general system so that they may be benefited by 
such connection, is what is known among the Edison 
companies as the ** booster." The ** booster" is a 
direct-current dynamo wound for a large current and 
\o\v voltage, and is used for raising the pressure of 
the station and of the feeders which are ordinarily 
low. The ** booster" dynamo should be series-wound 
and so designed that its voltage will be proportional 
to the current passing through it, the speed remaining 
constant. It is connected in series with the feeder 
whose pressure is to be raised, and is belted to or 
directly connected with a motor which drives it at 
the speed for which it is designed. Its action is as 
follows : The current passing out on the feeder also 
passes through the field and armature of the ^'booster" 
dynamo, and an electromotive force is thus added to 
that already existing on the feeder due to the 
dynamos of the general system. As the load on 
the feeder increases, the electromotive force of the 
'* booster" dynamo increases proportionately, and adds 
to that of the feeder, thus overcoming the loss of 
pressure due to the increased current in the feeder, 
which enables the feeder to deliver the proper 
pressure at its mains. The ** booster*' may also be 
employed to raise the pressure of a number of feeders 
whcih are connected to an auxiliary 'bus-bar. In this 
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case, the ** booster" would be connected between the 
main *bus and the auxiliary 'bus, and would carry all 
the current of the auxiliary 'bus, raising the pressure 
of it as its load increases, and decreasing as the load 
decreases, as described in the case of the single feeder. 
In some central stations two or more potentials or 
pressures are used, certain dynamos working on a 
'bus-bar at one pressure and the other dynamos work- 
ing on another 'bus-bar at different pressure's. This 
method is only economical when the dynamos can be 
worked very near the maximum load, which is not 
often the case. In some cities the dynamos in cen- 
tral stations, or machinery or storage batteries in 
sub-stations, feed into one general system at different 
points, each station or sub-station operating at such 
pressure as will deliver the same voltage at the feeder 
end of the mains. This is, without doubt, the method 
to be recommended as giving the best efficiency and 
assuring reliability of service throughout the system. 
With the method proposed, in case of accident to 
any one station, either by fire or lack of water sup- 
ply, the whole system will not be shut down, but 
each station will take its share of load which comes 
from the shutting down of the disabled station. 

Municipal legislation in all large cities requires, 
and very justly so, that the wires for the distribution 
of electricity for lighting and power purposes should 
be laid under ground. The Edison companies through- 
out the country use a standard system of under- 
ground, the mains and feeders consisting of japanned 
iron pipe in which are three solid copper wires or 
rods insulated from each other and from the iron 
pipe by an asphaltum compound. These pipes or 
*' tubes," as they are commonly called, are twenty feet 
in length, the copper conductors projecting three 
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inches on each end, making the total length of each 
pipe twenty feet six inches. The copper conductors 
are connected together by means of a flexible coup- 
ling, composed of a stranded copper cable about eight 
inches in length, and having copper terminals on 
either end, and which are provided with a circular 
opening of such diameter as will permit the reception 
of the copper conductor of the tube. The copper 
terminal is heated by the flame from a blow lamp, 
and the copper conductor is soldered into the termi- 
nal. After the three couplings are connected, an iron- 
ball clamp is bolted on to the tube near the end, and 
a cast-iron, oval-shaped coupling box is laid over the 
copper joint and fastened together by bolts and nuts. 
The coupling box is then filled with hot insulating 
compound, and after this has settled by cooling, the 
box is again filled and the opening covered by plugs. 
At each street intersection these tubes enter a junction 
box. The junction box is a cylindrical cast-iron box, 
in the centre of which is a cast-iron upright standard 
carrying three rings of flat copper bar. To one of 
these rings all of the positive conductors are con- 
nected, to another ring all the negative conductors, 
and to the remaining ring all of the neutral con- 
ductors are connected in a similar manner. Many of 
the junction boxes are fed by a feeder direct from the 
central station, the feeder, when Edison tubes are used, 
being laid in the same manner as the mains before 
described. The feeders in a three-wire system consist 
of three conductors, as in the case of mains, with 
the exception that one conductor, which is used as a 
neutral, has usually one-third the area in cross-section 
of either of the two other conductors. Feeder tubes are 
made in various sizes, from 250,000 circular mils to 
3,000,000 circular mils. Each feeder tube also contains 
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three small insulated copper wires, which are connected 
in each coupling box to the corresponding wires in the 
next tube, thus making a continuous circuit from the 
feeder end in the junction box at street intersection 
back to the station. At the generating station these 
wires connect with a pair of voltmeters, and at the 
end of the feeder they are connected through fusible 
strips to the copper rings in the junction box, thus 
giving in the station the pressure or difference of 
potential at the feeder end. By means of the junction 
boxes, the system becomes one grand network of 
conductors, connected in multiple and fed at many 
points by feeders from the central station, similar to 
that of a well-designed gas or water system in a 
large city. By means of this network of mains the 
electrical pressure is equalized throughout the system, 
and the current is distributed properly among the 
feeders. Every mechanical and electrical detail of the 
system is very carefully worked out and absolutely 
interchangeable, and it is without question, when 
cables are used for the feeders, the most complete, 
most easily operated, and most permanent under- 
ground system yet devised for the distribution of elec- 
tricity for large cities using a direct-current system of 
500 volts and under. With this system the customers 
are almost absolutely certain to have continuous 
service, as they are fed from two points under ordi- 
nary conditions ; and should the main in their block 
burn out, it is nearly always possible for the company 
to feed the customers from one or another junction 
box. The method of coupling affords a perfect 
house-to-house system of distribution, and renders the 
placing of services a very easy and simple matter. 
The system is very easily laid down, and its main- 
tenance compares favorably with other methods of 
distribution. 
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The maintenance of good pressure regulation at 
the customer's meter is very much more easily 
effected with an interconnected direct-current distri- 
hution, such as has been described, than with the 
ordinary alternating-current central-station system, such 
as has been exploited in this country. 

Owing to the parallel operating of direct-current 
dynamos and distribution systems, the fluctuations in 
the pressure, due to change over from one machine 
to another, so prevalent in the ordinary American 
alternating-current central station, and so annoying to 
customers, are eliminated, and a carefully-operated 
direct-current central station should show a pressure 
chart with an average deviation from the mean of 
less than one volt. It is possible, of course, and 
often the careless practice in direct-current stations, 
to have bad fluctuations of pressure at the times of 
change over, and also irregularities at other periods, 
but there is absolutely no excuse for their existence 
in a well-operated and well-planned direct-current 
system. 

The parallel operating of the generators greatly 
simplifies the maintaining of uniform pressure regula- 
tion at the lamps, since when several units are 
connected to the common 'bus-bar the regulation for 
the entire system may be effected by careful attention 
to one unit ; whereas in alternating-current stations, 
where the generators do not operate in parallel, it 
is necessary, in order to even approach the uniformity 
of pressure regulation that exists in direct-current 
systems operating in parallel, to regulate the pressure 
accurately on each unit, which is seldom done in 
practice. Besides the better regulation possible with 
parallel operating of the dynamos-, a further distinct 
advantage is derived from the economy effected by 



proper division of load among the units in ttie 
stations ; this beinp particularly marked when the 
distribution systems are also interconnected. Each 
\nui. irfcs|>cctive of size, may be usefully and 
clVicirntly employed at the period of maximum load, 
and the jimount of idle or uneconomically employed 
investment is i-educcd to a minimum. 




To illustrate the eomparative accuracv of Te^rn- 
l:ition ohtninahle in an interconnected, direct-current 
>-\'stfm. and in the ordinan tvpe of independent 
eirciiil. aliemaiintr-curreni ■s^'^tem, iei Ui: refer to thf 
pre^nrc eharts shown in the enclosed -sheets. 



Chart No. i represents the pressure for twenty-four 
hours on the direct-current distribution system in the 
business district of Chicago ; the average deviation 
from the mean pressure is less than one volt. 

Chart'" H" represents the pressure on one of the 
circuits of a single-phase, house-to-house-transformer, 
alternating system in Chicago. 




Chart " M " represents the pressure regulation of 
3<i alternating-current system on a long avenue, where 
^re used primary feeders with four fifteen - kilowatt 
transformers, the secondaries in multiple on the three- 
^ire system. 



If the engineer designing a system employing alter- 
nating current in the distribution, expects to obtain 
first-class pressure reflation, be roost follow those 
lines laid down by the engineers who have developed 
the modem direct-current distribution svstem. The 




dfstn^tion sv-stem of ni3in> should he interconnected, 
fortntng one grand network of conductoi^ with large 
transformers, located at points where feeders would 
tenniiMte if it were a low-tension. diiect-cuTTeDt ots- 
teni. and to these transformer^ siioald he brot^it tht 
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primary feeders from the central station, provided with 
boosting transformers or induction regulators. Press- 
ure wires from the secondaries of the transformers 
should be brought back to the station, so that the 
pressure on the ends of the mains may be known 
and properly controlled. Such a system will be 
described to you in detail by Mr. Wagner, and I am 
sure he will agree with me when I say that the single- 
phase, house-to-house-transformer, separate-circuit, alter- 
nating-current system, such as has been generally 
exploited in this country, has nothing to recommend 
it to the central-station manager, either from a purely 
engineering or financial standpoint, although it has 
fulfilled its mission as a pioneer in the introduction 
of electric lighting in scattered districts. 

One of the advantages to be derived from the use 
of direct-current distribution, as distinct from alternat- 
ing-current distribution, is the employment of storage 
batteries. They may be adopted for use in various 
ways : In sub-stations in outlying districts where the 
load-factor of the district is very small ; in the central 
stations themselves, to deliver the entire output during 
period of minimum load ; at the centres of distribu- 
tion, for discharging during the peak, and as aux- 
iliaries in rotary-transformer sub-stations for discharge 
use at the time of the maximum load in the main 
central station. In addition to any one of the various 
ways in which the battery may be employed, it always 
acts as a reserve, guaranteeing the consumer good 
service, in much the same manner as a bank surplus 
is a guaranty to the depositors in cases of financial 
emergency. 

Storage batteries, when installed in central stations 
or centres of distribution, are usually connected to the 
main 'bus and allowed to float on the system, taking 
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a charging current from the 'bus or discharging into 
the 'bus according to the load on the system, the^ 
generating units being worked at such loads as will 
insure the best efficiency of the entire system. Bat- 
teries are economically valuable in connection with 
the distribution of direct current in systems whose 
load curve has an average peak width of not more 
than two hours, since the investment required for 
storage batteries to carry the peak having an average 
width of less than two hours is less than the invest- 
ment required in steam and electrical machinery to 
do the same work. The storage battery also has the 
same value that exists in the case of moving machin- 
ery as. a reserve in meeting sudden increases of load, 
provided such increase of load does not continue for 
a sufficient period to wholly discharge the battery and 
insufficient time remains for recharging before the 
ordinary load peak of the system appears at the 
regularly appointed time. Such a condition is rarely, 
and I might say almost never, met with, although in 
rare instances we may approach this condition. 

The steam and electrical machinery is rated by the 
horse power or kilowatt, and the duration of the load 
peak does not influence the value of the investment, 
since the machinery may be operated for the full 
twenty-four hours at its maximum capacity. The 
storage battery, however, is rated by the horse-power- 
hour or kilowatt-hour, and the investment is nearly 
directly proportional to the number of hours during 
which it discharges the maximum capacity ; so that if 
we required the battery to be prepared to carry the 
full peak prolonged for seven or eight hours every 
day, the investment in battery would be enormous as 
compared with steam and electrical machinery to 
furnish the same kilowatt-hours' output. Illustrative 
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PHflMPKCTIVK ClIRVliK 
tlll'OWIVH BATTKHY DIHrilAHfl 



of such contingency, let me refer you to the load 
diagram marked " D," representing the load in the 
business district of Chicago, December 20th, 1897. 
This is a ver>' extraordinary curve, illustrating the 
limitation of the storage battery and the possibility of 
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its having been rendered ineffective had the early 
morning peak extended to the arrival of the r^ular 
afternoon peak without affording sufficient time ioi 
recharging the battery. 
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The storage battery has a very distinct value, 
which is seldom recognized and employed to its full 
advantage, when located at the central distributing 
point of a system with feeders radiating to various 
points in the network. The battery may be provided 
with two or more end-cell switches, so arranged that they 
may be connected in multiple and feed into the main 
distributing-feeder 'bus, or they may connect also to one 
or more auxiliary *bus-bars, with a different number. of 
cells in series feeding into each *bus, thus providing 
two or more potentials at the centre of distribution. 
It will be found that when only one pressure is 
maintained at the centre of distribution during the 
time of maximum load of a large district, the pressure 
at the ends of the short feeders will be some- 
what higher than the standard, and they will be 
overloaded, and at the end of long feeders the pressure 
will be lower and the feeders underloaded, although 
the pressure variation at other times may be negligible. 
Under such conditions the storage battery becomes 
exceedingly valuable, for by arranging it to operate 
at two or more potentials, the long feeders may be 
connected during the time of maximum load to the 
auxiliary 'bus or 'busses and additional current forced 
over them, utilizing their full capacity and maintaining 
a uniform feeder-end pressure by means of an invest- 
ment in end cells very slight as compared with the 
investment in additional feeders and mains required 
to accomplish the same result. 

The direct-current distribution system is very much 
better adapted to electric-elevator work than the alter- 
nating-current distribution ; and, so far as I am able 
to learn, there has not yet been developed a commer- 
cially-successful direct-coupled electric elevator capable 
of running at varying speeds and operated by alter- 
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nating currents. The direct-connected electric elevator 
is a piece of apparatus that is of the greatest value to 
the central-station companies, since it is practically the 
key to the isolated-plant situation, and with its aid we 
are enabled in a larger percentage of instances to show 
to the owners of large mercantile establishments and 
buildings a decided saving in the purchasing from the 
central-station company of electricity for lighting, 
elevator and general power service as compared with 
the cost of operating an isolated plant, using hydraulic 
elevators. The immense advantage to the central- 
station companies in being able to supply commer- 
cially-successful electric-elevator service economically, 
may be realized when we consider that there is con- 
nected to the systems of the Edison companies in 
New York, Boston, Brooklyn and Chicago 15,000 
horse-power capacity in direct-connected elevators, rep- 
resenting a gross income of approximately $375,000 
annually. At the present time, alternating-current 
distributing systems confine us to the use of contin- 
uous-running motors belted or geared to the elevator 
pump or winding equipment ; but such an arrange- 
ment is not fitted for first-class passenger service and 
is very uneconomical, and similar equipments using 
direct-current motors were in use ten years ago, and 
have long since become obsolete and have been 
entirely superseded by the direct-coupled electric 
elevator, which operates for approximately one-half the 
cost. 

The use of low-tension, constant-potential arc lamps, 
connected in multiple to the distribution system, has 
made rapid strides during the past three years, and in 
New York^ Brooklyn, Boston, Chicago and other 
cities, is fast superseding the use of series arc lamps 
wherever the low-tension mains operate, and the day 
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is not far distant when series arc lamps will be 
employed only in the outlying districts where there is 
not sufficient business to warrant the extension of the 
low-tension distribution system. The competition 
effected by the Welsbach gas burner has done much 
to develop the constant-potential arc lamp, and it is 
safe to say that with incandescent lighting alone the 
central-station companies are rendered helpless against 
the improved gas burners ; but a successful competitor 
has been found in the use of the three and one-half 
ampere, direct-current, inclosed arc lamp, and as proof 
of this we have only to compare the results of the 
central-station companies in the large cities, where 
these small arc lamps have been employed, with the 
conditions existing in the small towns, where alternat- 
ing-current systems of distribution furnish incandescent 
lighting only. In the latter places, the Welsbach light 
is found to be in general use, and is affecting very 
seriously the earnings of these small central stations,, 
owing to the lack of an alternating-current arc lamp,, 
which would answer the purpose of the small ampere 
arc lamp used in connection with direct-current systems. 
Although very much has been done within the last 
year in the development of the large alternating-current 
arc lamp, it is still far from being in the state of 
perfection, and cannot be said to compare practically 
or economically with the constant-potential, direct- 
current, inclosed arc lamp. 

The use of motor cycles and electric cabs employ- 
ing storage batteries is becoming more popular every 
day, and in London and Paris they are used very 
largely ; in Paris, an automobile club having been 
formed by people owning motor cycles. The central- 
station companies using direct current will undoubtedly 
find a profitable outlet for their product as the motor 

14 
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cycle becomes more popular, and by locating charging 
stations for the motor cycles along the central-station 
mains, the use of the motor cycle will become more 
extended. 

When we consider the many practical advantages 
inherent to the direct-current system of distribution, 
which add so greatly to the commercial success of a 
central-station company, it would seem that the orig- 
inal investment required to establish the plant and 
system should not be the only question affecting the 
selection of the system to be adopted. It is uni- 
versally conceded by all competent and unprejudiced 
engineers that the alternating-current system of distri- 
bution in a closely-settled district, which shall approach 
in commercial value the direct-current distribution 
system, shall be one that has for its basis an inter- 
connected system of secondary mains, with transform- 
ers of large capacity, and high-pressure feeders from 
the central station to these transformers and gener- 
ators in the station operated in parallel, as previously 
described. Therefore the cost of the distribution net- 
work in the case of the alternating-current system will 
not be less than that of the direct-current network ; 
and the cost of transformers, high-pressure feeders 
and alternating-current dynamos, should be compared 
with the cost of low-tension feeders and low-tension 
dynamos of the same capacity, these forming the only 
points of comparison. The investment in each case 
depends merely upon the advantageous location of 
the central station in each individual city. 

I have shown in the early portion of the paper 
that in a large distribution system such as exists in 
Chicago, seventy-five per cent of the total energy 
supplied to the system is delivered to the business 
portion of the city, covering an area of one square 
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mile, the stations supplying this territory being three- 
fifths of a mile from its electrical centre. It is there- 
fore self-evident that, since such a large portion of 
the energy supplied is so nearly adjacent to the 
desirable location of the central station, a direct-cur. 
rent distribution system should form the basis of* the 
general system of the company. 

It seems to the writer that the useful field of 
operation for alternating-current distribution system is 
not in large cities, but rather in the scattered suburban 
residence districts and small towns where commercial 
lighting, elevator service and general power distribu- 
tion form an insignificant portion of the demand, 
and where the first cost of the direct-current instal- 
lation would so far exceed that of the alternating-cur- 
rent system of distribution, with primary mains and 
large transformers for blocks of lighting, as to make 
the interest charges so great that the property would 
be rendered unremunerative. 

The successful central-station company of the future 
will be, as outlined in my paper read before the Asso- 
ciation of Edison Illuminating Companies at its last 
convention, the one combining intelligently the use of 
alternating and direct currents, employing direct cur- 
rent in the distribution systems in the thickly-settled 
business and residence districts of a city and alternat- 
ing current for the distribution systems in the scat- 
tered residence districts and surrounding suburbs. The 
energy will be generated at one or two large condens- 
ing stations, located where water and fuel may be 
obtained at the minimum cost and the energy trans- 
mitted to the various sub-stations located at the elec- 
trical centres of the distribution systems. The choice 
of low-pressure direct current or high-pressure alternat- 
ing current for the transmission to the sub-stations will 
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depend upon their relative distance from the generat- 
ing stations ; rotary transformers or other forms of 
current rectifiers being employed in the sub-stations 
that supply the direct-current distribution networks 
when alternating currents are used for the transmission. 



DISCUSSION 

Professor Fujioka : Mr, President and genllemen— 
Although I have the honor to be an honorary mem- 
ber of your association, I have very little opportunity 
to attend your conventions. I shall take great pleas- 
ure this morning in giving a short description of the 
plant and system that has been carried out under 
my direct supervision in Japan. I have no notes 
or papers with me at present to show you, so I 
will draw a rough map of Tokyo. We originally 
had five central stations. Station No. i was orig- 
inally installed in 18S8, entirely with the Eldison 
three-wire system. Nos. 3, 4 and 5 were installed 
afterward, also on the Edison three-wire system. 
Before going further, I should like to say that there 
are some conditions peculiar to Japan ; that is to say, 
the city of Tokyo has quite an extended area, occu- 
pying about one hundred square miles, and the build- 
ings are scattered, and we have no h%fa buildings, 
because of the danger from earthquakes. I saw the 
advantages of the Edison three-wire system of distri- 
bution, so we began to supply the more crowded 
parts of the city by means of the duee-wire system. 
We subsequently found that it was necessary to sup- 
ply current to more settled parts of the town, so wc 
added single-phase alternating currents in most of the 
<Ahcx stations. Since we have seen t^ advsnta^es of 
die tinree^-pbase current transmission, we bsKv^ decided 
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to install one big power station near the river. All 
the former stations were worked with high-pressure, 
non-condensing engines — and I may state that coal 
in Japan, particularly in Tokyo, is very expensive, 
costing $5 to $6 a ton — so we found that it might 
be wiser to install a condensing station near the river, 
having triple-expansion engines. We installed ten 
triple-expansion engines on the condensing system, 
each engine directly coupled to low-speed generators ; 
four of them single-phase and six of them three-phase 
generators. The three-phase generators were wound 
for 3,500 volts, whereas the single-phase were wound 
for 2,000 volts. We did not like to disturb the 
existing three-wire network in the crowded portion of 
the city ; we wanted to keep the three-wire network 
as we have had it for about ten years. The way I 
did it was to place induction motors in No. i station, 
taking out all the engines and boilers and placing the 
induction motors in the same place where we had the 
engines, each motor driving two Edison bipolar 
dynamos ; and we also installed a large storage bat- 
tery in the old boiler room. I may state that the 
distance of No. i station from the new riverside 
generating station is about four miles, and the dis- 
tance of No. 3 is about the same. In the same way, 
station No. 3 was changed to a motor-dynamo station, 
and in station No. 2 we have four induction motors, 
each 150 horse-power, directly connected to multi- 
phase direct-current dynamos. No. 4 station was 
taken down altogether. In No. 5 station we took 
down all the old engines and dynamos, and placed three- 
phase transformers supplying current by the four-wire 
system of distribution. The more scattered portions 
are supplied by 2,000-volt, single-phase currents, rais- 
ing the voltage at the necessary places to the required 
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potential. In this way, we have succeeded in reducing 
a great deal of the expense in fuel and labor items. 
I cannot tell at present the exact proportion of the 
decrease, but we know that we have reduced the 
expense materially, and I shall be much pleased if 
this brief description shall convey to you some idea 
of what has been done in Japan. 

The President: The general subject of electrical 
distribution is now open for discussion. I would ask 
the various members who wish to talk on this subject 
to make their remarks as brief as possible, as it is 
now half-past twelve, and it is not desirable to con- 
tinue the discussion more than an hour unless it is 
carried over until this afternoon. 

Mr. Thayer: I should like to ask Mr. Wagner 
two things : One is in regard to the design of these 
extremely large transformers. Does he regard it as 
advisable to obtain an extremely close regulation ; 
that is to say, a regulation within one per cent ; or is 
it better to have a slightly poorer regulation, and 
more iron loss? Also, how he does away with the 
difficulty of the excessive drop in the large con- 
ductors carrying the secondary currents proceeding 
from the large transformers? 

Mr. Wagner: In regard to the first question, I 
mentioned in the paper that by making the trans- 
former practically an integral part of the feeder we 
eliminate all the effects of transformer drop, just 
as we eliminate our feeder drop by regulating by 
the pressure wires from the feeder terminals, which 
become the secondary terminals of the transformer, so 
that we can sacrifice the regulation of the transformer 
to secure a very low iron loss ; but I want to state 
further that a poorly-regulating transformer is very 
much better for use in a system where transformers 
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are connected in multiple, provided the pressure for 
each transformer can be regulated independently. If 
transformers of very close regulation, one per cent or 
under, are connected in multiple with two or three 
hundred feet or more of mains in between, unless the 
resistance of the mains is extremely low, the trans- 
formers will not divide the load if it is not uniformly 
distributed along the main. In such a case, the trans- 
former nearest the load will take practically all the load, 
so that for good distribution of load between the trans- 
formers, poor regulation is desirable, provided that 
regulation does not affect in general the regulation of 
the system; and it can be so modified that it will not 
do that, by making the potential of each transformer 
to be regulated independently by feeder regulators at 
the station, manually operated. The changes of load 
are slow enough for one attendant to take care of 
them. 

Mr. Van Trump : I wish to ask, what is the 
objection to cutting the feeder transformer off the 
line automatically, and saving the underload losses 
during underload ? 

Mr. Wagner: The object is to make the under- 
load losses so small that it will not be necessary to 
do that. That would complicate the operation of the 
system very considerably, both in the matter of 
attendance and in the use of switches and automatic 
devices, which are not, as a rule, to be depended 
upon. In the system described here, the highest 
efficiency is at the average load, so that if a trans- 
former were cut out and its feeder were cut out, it 
would decrease the average efficiency rather than 
raise it, as it would increase the load on the other 
feeders, increasing the copper losses in the other 
feeders and transformers; and that increase in copper 
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loss would be greater than the iron losses which you 
suspend temporarily. The object is to design a 
system to be most efficient at the average load. 
With large transformers, that can be successfully 
accomplished. 

Mr. Robertson: What is the wattless-current 
loss? 

Mr. Wagner: The wattless current is inappreci- 
able. The volt amperes and the watts correspond so 
nearly in any alternating station at full load that 
the increase is almost inappreciable, even in the most 
poorly-designed station. The power factor is very 
high at maximum loads, and with a system of this 
kind the power factor should be practically loo per 
cent at all times, except for alternating motors, which 
lower it slightly. The part of the load that comes 
on at the peak is principally incandescent lighting. 
The motor load is almost constant, and the arc- 
lighting load is much more nearly constant than 
the incandescent load. The wattless current is small 
compared with the other current, in any event, and 
it is found that large alternating-current generators 
can be operated with a considerable increase of current 
in the armature without materially increasing the 
temperature of the machine for short periods, as the 
greatest losses in the generator do not originate in 
the copper of the armature, and that can be very 
greatly overloaded without affecting the maximum 
temperature of the machine to any great extent. 

Mr. Dow : I desire to discuss Mr. Wagner's 
paper in the light of information furnished in the 
paper itself. The points on which / Mr. Wagner has 
based his curves are given on page 148. He states 
that the feeder loss in case number one is twenty- 
four per cent. That is an exceptionally high feeder 
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loss. It is not radically different from the feeder 
loss in Mr. Ferguson's paper, — 22.8 per cent — but 
that includes the tie-line losses from an Edison three- 
wire station located much farther from the maximum 
load than is customary. I think that, taking the 
average of Edison stations, — and this is assumed to 
be a representative three-wire, direct-current station — 
the feeder loss is more nearly twelve to fourteen 
per cent. I am familiar with one station where the 
feeder loss is under twelve per cent ; others, fifteen 
per cent. As to the twenty-four per cent loss, I 
cannot think of any station — except possibly the 
Chicago station with the tie-line included — where the 
feeder loss would approximate that. A slight modi- 
fication in the assumed feeder losses will completely 
change the relative positions of the two curves 
numbers one and two ; it will place number one 
above number two throughout its entire length. I 
think, also, that twenty-four per cent loss will, in 
general, bring the cost of the three-wire feeder — 
particularly the cable" feeder, which is now the 
standard — to not much more than the cost of alter- 
nating feeder plus transformer, which Mr. Wagner 
proposes to employ. A cable feeder for three-wire 
system capable of carrying 100 kilowatts can be 
bought and pulled in for something like ninety cents 
per running foot. That is cheap construction, but it 
is a fair figure to compare with the cost of a trans- 
former that is proposed to be used in place of, and 
to avoid the great expense of, that feeder. A trans- 
former foi 100 kilowatts will cost from $1,000 to 
$1,200, and the initial advantage of the $1,000 in 
favor of the direct-current system will pay for a great 
deal of copper ; and the permanency of the one 
investment as compared with the other is much in 
favor of the direct current. 
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Taking again the figure on page 148, the loss in 
mains is assumed to be two per cent in both cases. 
Now, I rather take exception to that, with the 
conditions of load that will prevail in such a station 
as the representative Edison station, viz., with a large 
motor load and very respectable arc-lamp load. 
Under these conditions, the fact, which Mr. Wagner 
has noted in his paper, that the drop in the alter- 
nating-current main or feeder is not proportional to 
the current (which he sets forth on page 139, as 
follows : ** It would be quite perfect if the drop in 
alternating-current lines were proportional to the 
current, but it is not"), will certainly affect the 
amount of the investment as between mains for 
direct current and alternating current. To get the 
two-per-cent regulation in the mains will certainly 
involve considerably more investment if the supply 
is to be by the alternating current. 

The questions as to arc lamps and motors are 
discussed by Mr. Ferguson, and the statements made 
in his paper can be applied directly to answering 
Mr. Wagner as to the quality of the two systems 
in these respects. I also wish to accent strongly 
Mr. Ferguson's statement that the electric elevator, 
which Mr. Wagner says is just now a difficult and 
unsettled problem for the alternating-current station, 
is of primary importance to central-station interests. 
If you are not able to give good elevator service, 
you will have to submit to the establishment of 
many isolated plants. It is a sure sequence that if a 
man has to keep an engineer on his premises, a 
steam boiler and a steam pump, for the purpose of 
running an hydraulic elevator, he will add a dynamo 
and an engine to supply his own light. On the 
other hand, if you can furnish him good elevator 
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service, at a reasonable rate, the necessity for the 
engineer and for the high-pressure steam is elimi- 
nated ; and in that very fact lies the possibility of 
blocking the establishment of isolated plants. In 
my case, to lose the elevator service would not be a 
serious matter so far as the elevator bills are 
concerned, but the incidental loss of a good deal 
of valuable lighting would be very serious indeed. 

I should say that Mr. Wagner has shown in his 
paper what many of us want to know : that the 
alternating-current service can be wonderfully improved 
above its customary standard ; that it can be brought 
up closer to the standard heretofore set by the direct- 
current stations ; but that it is still an inferior service 
for the conditions that Mr. Wagner has defined as 
those of the ** representative Edison three-wire central 
station." In the case of the densely-populated central 
district demanding the greater portion of the total 
output, the direct current is unquestionably the best. 
The less densely-populated outer sections might be 
supplied by the alternating system, or, as Mr. Ferguson 
has suggested, by an alternating transmission and 
direct-current distribution. 

Mr. Wilmerding: Referring to the question of 
the drop in the feeder on the number one curve in 
Mr. Wagner's paper, I would ask Mr. Ferguson if in 
his statement on page 140, in which he says that the 
drop on the trunk line was 12.4 per cent and to the 
customer's meter 22.8 per cent, he does not include 
all the losses ; that is, include all the losses that might 
be made in the feeders themselves. 

Mr. Ferguson: That includes the total volt loss 
from switchboard to the customers. It is the loss at 
the time of maximum load, and is not the average 
loss. The latter is given as 8.8, whereas the maxi- 
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mum loss is 22.8, and that includes the total losses 
from the station to the customer's meter, including 
all the trunk-line losses and the meter and main losses. 
As a partial answer to the question, and to help 
out Mr. Dow in what he was saying, I can fur- 
nish a curve that illustrates the point he brought out 
I have a curve that represents a typical central sta- 
tion, such as has been referred to by Mr. Wagner 
in the general remarks in his paper, and represents 
the typical Edison station to which Mr Dow refers. 

Professor Goldsborough : In being permitted to 
make a few remarks on the papers presented, I 
should like to say, in connection with Mr. Wagner's 
reference to the sub-station transformer, that it seems 
to me that there is an opportunity offered to improve 
upon the low-load efficiency of the alternating-current 
plant which he has discussed. I notice that he has 
the alternating-current efficiency curve below the 
direct-current curve for values less than eight per cent. 

This loss must be due to the inefficiency of the 
transformers, because the only difference between the 
two systems is in the transformers ; the copper loss in 
the two systems being the same, the iron loss is 
therefore the important factor. He says that the iron 
loss is so small (as his figures indicate) that it is an 
inappreciable quantity. It seems to me, however, that 
if a system of sub-stations were devised anfl a number 
of transformers placed together, a set of feeders could 
be run from the central station to the sub-stations; 
and then, if some of the transformers could be cut 
out as the load diminished, there would be a gain in 
efficiency, as a certain number of the feeders would 
be used in common with a certain number of trans- 
formers, and the low-load .iron loss would be less. 
With less core losses you would have improved effi- 
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ciency at the lower loads. Improvement, I think, 
would be noticeable from about twenty-five per cent 
of the load down to very low loads ; and it might be 
considerable, for the reason that as the load goes off, 
the power factors of the large transformers come into 
play. If you cut out some of the large transformers, 
and have a few of them fully loaded instead of many 
of them partially loaded, you will improve the power 
factor of the whole distributing system and thereby 
gain a great deal, because as you increase the power 
factor you reduce the volume of current required to 
supply a given amount of power. As to the means 
of cutting out and cutting in these transformers, it 
would be a matter of considerable expense to employ 
a man for that special purpose. But an improvement 
on this system can be devised. It might be a system 
of relays operated by means of small messenger wires. 
You could send out lines from the central station to 
the sub-stations, and adjust the transformers to the 
load by means of electro-magnetic devices, which 
would throw in or throw out at will switches con- 
nected in the primary circuits of the transformers. 
Such systems are in operation in England, to some 
extent, as well as on the Continent, and I believe 
they have been a great success. I see no reason why 
the low-load efficiency of an alternating-current station 
cannot be considerably improved in this way. 

As to the matter of arc lights, I was pleased to 
hear that they are making a success in St. Louis. I 
remember that, some years ago, the Westinghouse 
company carried on an extensive series of experi- 
ments to reduce the humming of the alternating-cur- 
rent arc lamp. I imagine the humming is still a det- 
riment to the old form of open series arc lamp. As 
to the inclosed arc lamps, we have made some experi- 
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ments at Purdue, to determine the efficiency of all 
the types at present on the market, and we find that 
the efficiency varies very greatly in different lamps. 
The efficiency of the alternating-current lamps is much 
less, on the whole, than that of the direct-current lamps ; 
the former average 3.9 watts per candle ; the latter, 
about two watts per candle. If an open reflector 
above the arc lamp is used, it introduces a marked 
saving, and makes the comparison between the alter- 
nating-current and direct-current lamp much more 
favorable to the alternating-current lamp. 

I was also much pleased to hear Mr. Wagner 
express himself so strongly in favor of the single-phase 
alternating current. The single-phase alternating cur- 
rent, to my mind, possesses the same features of sim- 
plicity that are possessed by the direct current. I 
believe that we shall ultimately get a good single- 
phase alternating-current motor. I have thought so 
for some time ; but I do not think that there is one 
on the market at present that we can say is commer- 
cially successful in the broad sense of that term. The 
single-phase alternating-current system has many advan- 
tages over the multiphase system for lighting purposes, 
in view of the better regulations. 

In connection with the arc light, it was said by 
some one a few moments ago that the alternating arc 
lamp had found a rival in the Welsbach burner. It 
was said that we do not supply the electric light so 
cheaply as the light can be supplied by 'means of the 
mantle. I think this is not altogether so. Then, 
again, the gas light is becoming unpopular ; it is not 
at all suitable for interior lighting, and won*t do at 
all for entertainments, as it makes everything look 
ghastly, whereas the arc lamp gives a very pleasant 
light. A strenuous effort was made in one of the 
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cities in Indiana to supplant the alternating-current, 
inclosed-arc light by gas light. Matters went so far 
that the gas company put in the mantles free of charge 
and the people had a fair chance to test them. In a 
great many cases they were tried, and in many cases 
taken out again as unsatisfactory, and arc lights are 
being used. 

Mr. Scovil: On page 155 of Mr. Wagner's 
paper occurs this statement : ** I might say that 
where lighting is a distinct feature, and first-class 
service is to be rendered from a large station, the 
three-phase system cannot be used successfully." If 
there is any technical gentleman that takes an oppo- 
site view on that question, I hope he will give us 
the benefit of his experience and judgment. 
^ Mr. Rice: I have visited the plants at Salt 
Lake City and Sacramento and spent several days 
with the designing engineers of both cities, and they 
both claim superior efficacy and elasticity for the 
three-phase system over the Edison three-wire, con- 
tinuous-current system. They have the three-phase, 
four-wire distribution system in both places. The 
Salt Lake transmission line is thirteen miles in length 
and the Sacramento line is nearly twenty-one miles. 

I wish to say that in the discussion of the two 
papers it seems to me that the features to be brought 
out in comparing the two systems as adapted to 
large cities, are : 

I St. The continuous-current system is one that has 
been brought to a high state of development, whereas 
the alternating-current system is one that is just 
beginning to be developed. I think Mr. Ferguson's 
sample potential chart, taken from an alternating 
plant, is most unfortunate in that it does not repre- 
sent alternating plants of the latest design. As it is 
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now past discussion that alternators may be thrown 
in parallel in the same manner as the continuous- 
current generators, we can therefore secure as con- 
stant potential. 

2d. The alternating-current motors have not been 
developed to the same extent, or applied as univer- 
sally, as continuous-current motors, simply because 
the alternating-current motors have not lived long 
enough. In time, I expect to see alternating-current 
motors distributed as widely and as universally as the 
continuous-current motors. The same might be said 
of arc lamps. We have had arc lamps for a great 
many years on the continuous-current system, but 
only recently have they been developed and made 
acceptable on the alternating-current system, 

Mr. PiLLSBURY : I wish to say a few words in 
r^ard to the alternating-current motor, having been 
identified for several years with their development, 
more especially of single-phase machines. The ques- 
tion has been raised by one gentleman as to their 
power factor, by another as to their practical success, 
and by several as to their adaptability for the direct 
driving of elevators. Single-phase alternating-current 
motors are now made equal, if not superior, to 
direct-current motors for general power distribution. 
The power factor in a well-designed machine may be 
considerably above ninety per cent — ^from fifty to 
150 per cent — of its rated capacity, and above eighty 
per cent while the motor is developing twenty per 
cent of its rated output. For general power 
distribution these arc superior to direct-current 
motors in point of care and attendance required, 
average efficiency, absence of wear, etc. They have 
not as yet been applied to the direct driving of 
elevators, but there is no reason why they caxinot be 
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adapted to this work as soon as a sufficient demand 
shall have arisen. The only problem met with in 
their application to this class of service is that of 
starting. There are two methods of doing this ; one 
by splitting the phase, and another by introducing a 
commutator ; either of these is entirely successful. 
The latter is the more efficient for general power 
distribution, and is undoubtedly to be preferred where 
an excessive starting current is objectionable because 
of its likelihood to produce a fluctuation in the 
pressure at seven and at one o'clock, when many 
motors are being started at once. It is, however, not 
well adapted to elevator work, because sparking 
cannot be altogether eliminated from an alternating- 
current commutator. While this spark is • not 
objectionable where the machine is started only 
occasionally, it would be decidedly so in the case 
of an elevator starting many times a day. The other 
method, as at present developed, gives ample torque, 
but at a comparatively low efficiency and by the use 
of a large current. The efficiency of a direct-current 
motor, however, is also low in starting, and ofttimes 
the current consumed is excessive. I apprehend, 
however, that, inasmuch as not all the elevators have 
to be started at once, this is a matter of compara- 
tively small importance to the central station. It 
may be confidently affirmed that single-phase alternat- 
ing-current motors are now on the market that are 
superior to direct-current machines for general power 
distribution, and that in the near future they will be 
adapted to such special work as the direct driving of 
elevators with entire success. 

Vice-President Stetson in the chair. 

Mr. Insull : Gentlemen, I operate a company 
that is in no sense wedded to one system or another. 

15 
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Within the last week I have shut down a three-wire 
Edison station and now operate that particular three- 
wire system with alternating converters. I should 
like within the next week to shut down an alter- 
nating system. With us it is simply a question of 
the most money we can possibly make out of a given 
investment. I think that if you will study Mr. 
Ferguson's paper you will find that he has not gone 
into this question merely from a theoretical point of 
view, but that his observations are based upon the 
actual results obtained in a year's operation of a large 
property. This property has been in existence some 
ten years. If you study Mr. Wagner's paper, you 
will find that he presents to you for use in our large 
cities, principally, — as his paper is based upon opera- 
tions in a large city — a new scheme, which has not 
stood the test of time, and which cannot be set up 
in comparison with the low-tension system until a 
company using Mr. Wagner's plan has developed its 
business to a point where you can make a comparison 
of investment with investment, expenses with expenses 
and return with return. I know that most of you 
gentlemen here are alternating men, and that you look 
upon me as a low-tension man ; but I would re«iind 
you that exactly what Mr. Wagner has stated this 
morning with relation to the advantage of an alter- 
nating, distributing system as against the present 
three-wire system, was stated for different reasons, of 
course, with relation to the alternating house-to-house 
system that you are now using as against the three- 
wire system some ten or twelve years ago. Now, 
what has been the test of time? The manufacturer 
used to tell us ten years ago that alternating-current 
generation, with house-to-house converter distribution, 
meant a very much lower investment cost to the 
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parties providing the money. Exactly the contrary 
has proved to be the case in any large centres of 
population where there is much business. It has also 
been proved that in the smaller centres the losses are 
so great that some such scheme as that Mr. Wagner 
propounds is absolutely necessary if you are going to 
sell electricity in competition with other forms of 
artificial illumination. I do not know that I am 
competent, in fact, I do not care, to go into the 
slight differences that are shown by Mr. Wagner's 
theoretical percentages on one hand and Mr. Ferguson's 
absolute figures on the other hand, and the slight 
difference of economy that Mr. Wagner claimed. 
What I should like to know from Mr. Wagner is 
whether he has a statement of his generated output 
for a year and his delivered output for a year, and 
what is the difference between the two, and how 
closely they compare with the percentages as stated 
in his paper. I should like to know at the same 
time how he has obtained a record of his generated 
output. I tell you, gentlemen, that the Chicago 
Edison company cannot swear to any absolutely correct 
output at the present time, and the differences of 
efficiency claimed by Mr. Wagner might possibly dis- 
appear in the personal errors that might enter into 
the calculations. If the Chicago Edison company 
could profit by the adoption of Mr. Wagner's scheme 
(and I doubt whether Mr. Wagner would claim that), 
the only changes we should have to make would be 
in our feeder system, and those changes would depend 
on whether or not our insulation would stand the 
high voltage. Our distribution is a permanency; it 
has not changed from year to year. We have not 
been trying, first one translating device, then a new 
I system of distribution, and then another translating 
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device, — all of which pile up big interest cost ; we 
have been working on the same lines; and I should 
like to ask Mr. Wagner whether or not if the city 
of St. Louis, in which he has done such good work 
with the alternating current, had started first of all in 
the central portion of the city with an Edison three- 
wire system, he would have any reason to change it 
to-day ? 

I think a little retrospective view of the industry 
might possibly help you in looking into the future. 
I think you might come to the conclusion — certainly 
you that are running large companies, you that have 
made a handsome return on the investment from the 
very first, who started originally on a scheme of dis- 
tribution that has not varied since the introduction of 
the three-wire system — I think you might find that it 
would be better to continue that course wherever you 
can rather than to adopt something that is radically 
new, untried, and that has not had the test of time; 
untried, I mean, except for a comparatively short time. 
Our company, with the exception of two or three other 
companies represented in this room, sells more alter- 
nating current than any one here. The systems that 
we have are on a house-to-house plan, which, as you 
know, is not satisfactory, and the losses are enormous; 
and the difficulties of handling the proposition for the 
future are for the moment apparently insurmountable. 
The plants bear evidence of the fact that the engi- 
neering was of the poorest character, that the system 
as a whole was never properly thought out I do not 
know to whom Mr, Wagner refers when he says: 
''The standpoints in general mark the difference 
between the manufacturer and the user, and we find 
these two systems developed in this way, — one almost 
entirely by the manufacturer, and the other by the 
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combined efforts of the various users." I know that 
some systems bear apparent evidence that they were 
developed by the manufacturers for the purpose of 
selling large amounts of apparatus; as to which sys- 
tem was developed by the users, I am in doubt ; prob- 
ably Mr. Wagner can explain it. 

Mr. Wagner made some facetious remarks about 
these *' beams of copper." These beams of copper 
earn a return for my stockholders. As to whether 
you shall have beams of a certain size, is simply a 
question of interest cost, fuel cost, and other inci- 
dental costs under varying conditions. With fuel very 
low, an Edison man would naturally decrease the size 
of his beams ; with fuel very high, he would naturally 
increase the size of his beams. It is a question of 
balancing the interest cost against the other portions ' 
of the cost, and the size is simply an incident in the 
matter. 

Mr. Wagner referred to the use of storage bat- 
teries. I may say that I agree with him to some 
extent. He says in his paper that you may ask as 
to whether storage batteries have been proved to be 
a valuable adjunct to the central stations, cost and 
maintenance considered. I would ask him whether 
his proposed system of alternating distribution has 
yet been proved to be a more valuable adjunct to 
the central station as compared with the three-wire, 
low-tension system ? So far as the Chicago Edison 
company is concerned, and the use of its storage 
battery, as the battery only went into use yesterday 
we are not in a position to say much about it at 
the present time. We are to some extent trying an 
experiment. It is true that it is an expensive one, 
but it is still an experiment. One of the electrical 
journals recently quoted me as having changed over 
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from an opponent to an advocate of storage batteries. 
They were a little previous in making that statement; 
but I can say this, that one of the primary reasons 
for our deciding to use a storage battery was the 
difference in the investment costs between the battery 
and the generating apparatus and trunk line that 
would have had to take its place. Interest cost 
comes in in all these matters. It is a question of 
conditions. 

Now, as to Mr. Wagner's closing claims. The 
first is — Highest possible efficiency of distribution and 
operation. I judge from that that Mr. Wagner 
means that the cost of distribution and operation 
will be lower in the alternating-current system than 
in the case of a three-wire system. My claim is that 
this has to be proved. It has not thus far been 
proved anywhere in the world, and it afforded me 
great pleasure in listening to Professor Fujioka to 
learn that the new civilization of the far East has 
about the same engineering ideas as one of the most 
advanced cities in the civilization of the West ; if 
you will excuse the comparison. 

The next claim is — Best regulation. You cannot 
have anything except perfect regulation. Our charts 
are at your disposal, gentlemen. If you have any 
doubt as to the chart shown you by Mr. Ferguson, 
as to whether it was selected, I think we have them 
for several years back, and I am prepared to stand 
on the matter of regulation by the record shown by 
our business and the record shown in connection 
with Mr. Wagner's scheme. 

The next claim is — Largest territory desired and 
readily supplied from one station. There comes the 
question of investment ; it is simply a question of 
conditions. The greatest claim is flexibility. If you 
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can find anything more flexible than a system oper- 
ated during the whole of the twenty-four hours, first 
from one station, then from two, then from three, carry- 
ing at the same time during the twenty-four hours 
current 13,000 feet from the point of generation with 
a loss almost impossible to figure out, — if you can find 
anything more flexible than that we shall be delighted 
to adopt it. 

Another claim is — The only system in which all 
classes of service can be supplied front one type of 
generator, I take issue, and challenge him to show 
a plant in operation where that condition exists 
except in the case of the low-tension, direct, three- 
wire system. I have not seen it. I should like to 
know from Mr. Wagner whether it is just as easy to 
operate an alternating-current station with the dynamos 
in multiple as it is to operate a direct-current station, 
or whether it requires expert service to do that work 
and watch it to see that nothing gets out of whack 
during the twenty-four hours. I should like, to see 
such a station if there is one. The question of invest- 
ment is one that Mr. Wagner cannot overcome in 
most of the cities of the United States. That is 
where the shoe pinches. The investments have 
already been made. In any new system that you put 
into use you have to get a return on your existing 
investment and a return on your new investment, and 
provide enough money to wipe out, in the shape of 
depreciation, either the old investment or the new 
investment. You have to get that money from your 
customers, and that, of course, carries us back again 
to the early mistakes. I think it was Mr. Bowker, 
the vice-president of the Edison Illuminating Com- 
pany of New York, who, when we first started to 
discuss this question of the use of alternating current 
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in connection with the low-tension Edison station, 
pointed out the absolute permanency of the main 
investment in low-tension work, that is, the distribu- 
tion system; and although Mr. Wagner may be cor- 
rect in the claims he makes as to percentages of 
efficiency, — I am not competent to offer an opinion 
on that subject — I would warn you to go very care- 
fully, certainly in the large cities, about adopting a 
scheme over one that has received the test of time. 
So far as widely-distributed areas are concerned, there 
is no doubt that the alternating current is of great 
advantage to us ; but in big centres of distribution, I 
think that the experience of electrical engineers the 
world over has shown that the one system to use, 
and the one by which we can make money, is the 
Edison low-tension system. 

Professor Fujioka : Permit me to make a few 
remarks. I had great pleasure in reading these 
papers. I agree with Mr. Ferguson's ideas at the 
end of his paper, when he says : 

"The successful central-station company of the 
future will be, as outlined in my paper read before 
the Association of Edison Illuminating Companies at 
its last convention, the one combining intelligently 
the use of alternating and direct currents; employing 
direct current in the distribution systems in the 
thickly-settled business and residence districts of a 
city, and alternating current for the distribution 
systems in the scattered residence districts and 
surrounding suburbs. The energy will be generated 
at one or two large condensing stations located where 
water and fuel may be obtained at the minimum 
cost, and the energy transmitted to the various 
sub-stations located at the electrical centres of the 
distribution systems. The choice of low-pressure direct 
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current or high-pressure alternating current for the 
transmission to the sub-stations will depend upon their 
relative distance from the generating stations ; rotary 
transformers, or other forms of current rectifiers, 
being employed in the sub-stations that supply the 
direct-current distribution networks when alternating 
currents are used for the transmission." 

As I said before, our station was built five years 
ago on this system that Mr. Ferguson advocates. 
Our largest station is for one-mile radius, and the 
motors are three-phase, with the motors and gener- 
ators coupled together. But in some quarters, that 
are less crowded, where the areas do not exist to an 
extent beyond two blocks, I am using at present the 
three-phase, four-wire system, and, curiously enough, 
we are using Wagner transformers. 

Mr. Ayer : The discussion resulting from papers 
like these, so far as it has gone, largely relates to the 
practice in large cities. The membership of the 
association, however, is not entirely made up of 
representatives of large cities, and the discussion of 
the papers should take a trend that would benefit 
the greatest number, and it seems to me that there 
is ample food in these two papers to give us some 
lessons that will apply to all. 

In considering the demands of a large city, we are 
compelled to consider about all the conditions of dis- 
tribution that obtain in electric lighting, as the out- 
lying districts correspond to our country towns, and 
portions of the city with small business centers cor- 
respond to the smaller cities ; and to provide for these 
requirements I think we can draw some lessons from 
the papers that have been read. One thing that I 
think has been pretty generally understood by the 
operators of alternating central stations is the necessity 
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for getting rid of the house-to-house transformer, which 
means going to the three-wire distribution. It seems 
to me now, from this discussion, that it is the thing 
to go to ; in other words, that method of distribu- 
tion is best which affords an investment that does not 
depreciate and that leads up to some settled method 
for one detail of our plant. 

Because of the patent situation, Edison stations 
were not installed in places where they would prob- 
ably be very desirable. To-day that reason for not 
installing them does not exist, or will not in the near 
future. As you have to make additional expenditures 
in the future, enlarge the plant and broaden it out, it 
is a question how to do it ; it is a question of mul- 
tiphase generators, single-phase, and in many cases a 
question of whether it is worth while to go into the 
investment necessary to install a low-pressure generat- 
ing system. It is easier to add the alternating-current 
system to the low-pressure ; but it seems to me that 
we can take our medium cities to-day and develop 
our three-wire distribution, with an idea of getting 
back finally to the direct-current distribution. 

The reasons, to me, are obvious. In isolated 
plants they are invariably using direct current. These 
people may and should become customers of the 
central stations to a great extent. If you expand 
your alternating-current system to the exclusion of 
direct current, you are absolutely prohibited from 
supplying these people with current for motors, 
except in a very expensive manner. The motor 
business is coming to be quite a factor, as you 
appreciate. The alternating-current motor, while not 
developed to its highest efficiency and not so well 
known, may have great possibilities ; but it is not 
going to exceed the possibilities of the direct-current 
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motor for power from central stations. The question 
of the flexibility of the current, while not so much a 
question to-day as it was five or ten years ago, is 
still very important. The point has been raised about 
hydraulic elevators in medium-sized cities cutting off 
desirable sources of revenue. Printing presses are 
very troublesome to the alternating-current motor. 
There are other special uses and demands ; but we 
know this, in regard to the relative value of these 
investments : you have to make some experimental 
investments to-day in alternating-current motors ; you 
have the question of insulation to contend with, and 
in all high-tension devices (as you get up in pressure 
you decrease the life of the devices) the investment 
is of a less permanent nature. The character of the 
service that you can get from the one or the other 
is varied. It is certain that you can get good regu- 
lation from the direct current. Mr. Ferguson, in 
showing the pressure charts, showed us one house- 
to-house distribution on the alternating current, 
another on the plan that is outlined by Mr. Wagne^ 
for the ideal alternating stations, and a third showing 
the direct-current Edison. These charts were the 
ones to be considered, as I understand, in comparing 
the two methods. It is easier to regulate the low- 
pressure system than the high ; but the question is to 
get the thing that will bring you the greatest amount 
of business at all times, and that question is a perti- 
nent one. The low-tension system does that to-day. 
If the cost is not going to be excessive, it is the 
one to go to ; the character of the investment is 
superior to anything that will deteriorate more rap- 
idly. The distribution of power is a thing that comes 
slowly for a time with your alternating-current motors. 
You ^ have your investment to-day in the single phase, 



220 



and while we have the statement that a perfectly 
satisfactory single-phase motor is in the market, we 
know they are not in general use. Many of the 
members have experimented with them. There is no 
question but they will come and will be satisfactory ; 
but they are not comparable with the direct-current 
motor to-day. Isolated plants, however, will invariably, 
in the future as they have done in the past, put in the 
direct current, and you will lose the possibility of a 
large amount of business if you extend your alter- 
nating system rather than to extend the system with 
direct current. It is practicable in many cases to 
put in three- wire distribution, and get ready for your 
next station apparatus to be direct-current. 

The arc-lighting problem, to me, is one that is 
readily solved with the direct system, and for outlying 
districts and municipal lighting the constant direct- 
current series system should be used. There is no 
question in the mind of anyone that has ever 
attempted to compare the alternating current with the 
direct for street lighting from series or multiple arc 
lamps, as to which is superior. The very nature of 
the current makes it a certainty. You get the 
strongest rays where they are useful ; no reflectors are 
necessary to carry this light down. Reflectors are unsat- 
isfactory in streets, and will not keep clean. Without 
them you cannot get even fair service from alternat- 
ing arc lamps. For municipal lighting, where you 
have to traverse wide areas, the series system is best 
adapted ; and I think you can safely, in many cases, 
put up with the annoyance of having separate dyna- 
mos for taking care of your outlying districts rather 
than be hampered by the restrictions that govern the 
alternating-current arc lamp. The alternating-current 
arc lamp will not stand in competition with a series 
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arc lamp, direct-current, as developed to-day. What 
it will be in the future, we do not know ; and we 
would rather not spend our money on futures. 

At the association meeting in St. Louis, in 1893, 
we had a series of papers on the alternating current, 
treated singly, two-phase, monocycle and three-phase, 
attempting to bring out the merits of the different 
kinds. To-day we are asked, '* Which is the best ?" 
The station manager gets up and would like to know 
why Mr. Wagner thinks there is only one method. 
It seems to me that there are no very decided 
opinions as to the value of the various alternating- 
current systems for the universal use to which central- 
station managers want to put them. At that meeting 
we tried to bring out, looking to the future,, the point 
as to what we had to do with. Should we have in 
the near future, or did we know of at that time, an 
alternating-current motor that could be relied on ? 
Did they know of a single-phase alternating motor? 
The answer from all the members of the manufactur- 
ing companies producing alternating apparatus was 
that it was not probable that we should get a satis- 
factory and efficient single-phase alternating motor. 
The only dissenting opinion from that — by anyone 
representing the general manufacturers, and he only 
indirectly — was by Prof. George Forbes, of London, 
England. He stated that it was his pleasure to 
announce to the convention that during the then past 
year he found in several large manufacturing establish- 
ments in England single-phase motors working satis- 
factorily. He expected that in a year we should use 
them. That was in 1893, and tells us in a measure 
what is ahead of us in speculating upon what is 
possible. 

A retrospective view is important, and I think Mr. 
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InsuU struck the nail on the head in insisting on a 
very serious retrospective view of the two different 
systems ; and I am inclined to think that the average 
central-station manager, if he could turn his station 
over to-day into the direct-current system, would find 
his nights more comfortable, and his days also ; par- 
ticularly during thunder-storms where there are over- 
head wires. In many cases a mixed system will be 
necessary to get the best net results. For transmission, 
alternating current will be used ; but the direct-cur- 
rent must always prove most desirable for distribution. 
Where alternating current only is practicable, — and 
there are conditions where a central station should use 
it — it goes without saying that the method outlined, 
or substantially that, is the one that should be taken 
up wherever the conditions warrant it ; but I want to 
express my conviction very firmly that the old system 
is the best one for general use in central stations. 

The President : I wish to know your pleasure, 
gentlemen ; shall we continue this discussion, or adjourn 
to the afternoon session ? It is now ten minutes to 
two o'clock. Mr. Wagner and Mr. Ferguson are yet 
to be heard from. If there is no objection, the meet- 
ing will stand adjourned until three o'clock. 

Adjourned. 



FOURTH SESSION 



President InsuU called the meeting to order at a 
uarter past three o'clock, and announced that the 
iscussion on methods of distribution, which was 
itcrrupted by adjournment, would be resumed. 



DISCUSSION {Continued) 

Mr. Fakes: I desire to state that your remarks 
in regard to the use of meters, and that the central 
station not using them would sooner or later go into 
the hands of a receiver, struck me very forcibly, as 
this is our position to-day ; nevertheless, we do not 
blame the alternating system for it. In the first place, 
we installed the National incandescent some nine years 
ago ; it proved to be a very expensive experiment. 
Later on we installed the Royal, which has proved to 
be not so expensive. Our station is small, having 
1,200 lights installed. I think the peak of our load 
is some forty-seven amperes. We have a very few 
meters, of the different standard makes, but our prin- 
cipal rates are on the flat-rate system. The principal 
point that I wish to bring out is this : 

Our station is operated all night with forty-two 
Western Electric arc lights running all night. We 
run seventy-nine arc lights until twelve o'clock, and 
then we run the forty-two city lights until morning. 
We also run the incandescent lights all night. About 
seventy-five of these run all night, or from midnight 
until morning. We use two tons of coal for an aver- 
age run of eleven and one-half hours on our city arc 
circuit and thirteen and one-half hours for the incan- 
descent circuit. We run from midnight until morn- 
ing on three-fourths of a ton of coal. We have no 
station meter to tell us what the output is, but we 
know we are operating at a very low cost, so far as 
our fuel consumption is concerned. 

So far as getting money into the treasury is con- 
cerned, we are operating at very low expense from 
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midnight until morning, so our system must have 
good regulation, running on the alternating system, 
because if there is so much loss in the transformer 
system, why would it not cost more to run from mid- 
night until morning, with seventy-five all-night lamps ? 
That, I think, is a point that is valuable. I want to 
say that, although we are in the hands of a receiver, 
we are making some money. 

Mr. Davis: I should like to get the experience 
of any station that is now using or installing alter- 
nating, inclosed arc lamps in competition with the 
Edison system, and to know whether they can get 
as much per kilowatt for current used in such 
inclosed arc lamps as the Edison company in the 
same city charges for current used in direct-current, 
inclosed arc lamps. 

Mr. Stetson : I will not answer that particular 
question, because we are not furnishing that particular 
line of light ; but I will say that I represent a 
company that has both systems. We are running 
the Edison and the alternating systems, and I am 
sure I do not know which one we could spare ; we 
want them both ; I think it is a very good combi- 
nation. We extend our light into a neighboring 
community, running four or five miles. We certainly 
could not do that on the Edison system ; and 
whether it is a matter of the greatest economy or 
the difference in economy, it is the getting your 
money after you have a station established. The 
cost of a few more lights is generally the cost of 
the coal ; that is, your interest and labor is a fixed 
amount ; and if you can add outlying districts by 
any system, it seems to me that it is a good idea to 
be able to use that system. We find that it helps 
us in our income to take on this load of a neigh- 

i6 
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boring town, which would be entirely out of our 
reach with any other system than the alternating on 
account of the small service required and the prohib- 
itory factor of supplying that amount with an 
extensive output of copper ; so that I do not know 
that a man makes a mistake if he has both. 

I understand perfectly well that if a man were 
establishing a plant for a new enterprise, then the 
serious question would come in as to what he should 
do. But most of the gentlemen here have inherited 
their plants as they are ; their predecessors handed 
them down to them, and there are not many of 
them whose stockholders will allow them to throw 
them away ; they must get along with what they 
have. I suppose that the majority of this convention 
is made up of what these emperors of the situation, 
such as do business in New York or Chicago, would 
call small installations ; and the conditions in each 
installation and each community have to be met. 

I was pleased with the remark of our president 
this morning when he recommended that the alternat- 
ing interests should establish themselves in some large 
community and prove their statements. If he will 
give us a record of any large community, like New 
York, Chicago or Boston, where the Edison company 
has not already obtained all there is in it, I presume 
the other people will be glad to go there and put up 
a plant. 

But my advice to those people is to keep out of 
those positions if the other fellow is there. There is 
no question but that the simplicity and the fixed con- 
ditions of the Edison system, where the service is 
compact enough, make it a beautifully simple and 
elastic system. Whether it would be possible in the 
future to meet the advance of the alternating system, 
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and to distribute the current over larger areas by 
raising the current, making the 220-volt lamp a 
success, and carrying out on the three-wire system 
200 volts and reducing your wire expense, at the 
same time increasing your field, I do not know. It 
may be possible. That would be a counteracting 
movement on the part of the Edison people. I think 
it is fairly established that it is possible to make a 
practicable lamp taking this high voltage. That 
would be in favor of the present Edison establish- 
ments. What I should like to impress more particu- 
larly upon those people that are in the same line £is 
myself^ is the great advantage of doing away with 
the small converters. We are selling some wagon- 
loads of these converters for a little less than the 
price of the iron. If there is any point in your 
districts where you can make larger installations in 
the way of converters, using them as the distribution 
in the three-wire system, you will find that there will 
be a great economy in the cost of your service. The 
larger converters are more economical. 

There is another thing — whether it is not policy 
for you to tell a man that wants a five-light converter 
and one light on his cigar counter that you do not 
care about taking that kind of service. If he is not 
going to be a profitable customer, it is better to let 
him go than to get into the hands of a receiver. 
That name indicates what it is spelled for ; they take 
the whole thing when they get in ; they leave very 
little after them. I desire to impress on those using 
the alternating system a careful study of their system 
and position, and the changing from small converters, 
so far as possible, to the larger and to the distribu- 
tion of their current through the three-wire system. 
That would probably necessitate your throwing away 
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your fifty-two-volt lamps and using no, or about 
that. I have an idea that the lamp breakage is some- 
what larger on high voltage than on smaller; at the 
same time, the cost would be in favor of installing 
the larger units as far as possible. 

I think there is a great deal of virtue in the com- 
bination of the systems. I presume there are a great 
many positions where the very best results could be 
obtained from such a combination ; I do not know 
how they could be got in any other way ; how you 
could take a large area of suburban district and make a 
distribution ; with the Edison system I cannot see any 
other way, where you have a compact unit and the 
possibility of conserving (or serving) the central sec- 
tion, in which vou could do better than to use the 
Edison system ; so it seems to me that it comes to 
a point where we should have to hunt for the best 
thing in both, and under a good many conditions it 
is practicable. The conditions that prevail in the 
larger cities have little analogy to the systems we are 
working with. There is no question but that the 
management of these larger cities and communities is 
entirely correct ; and I think that the very strongest 
argument that has been presented here to-day was 
what the president said ; and the fact, knowing as 
we do his fine financial instincts, that it would not 
take him long to tumble from the Edison to the 
alternating if there were a dollar in it, is a strong 
point in favor of the system he advocates. 

Mr. Van Trump: Mr. Ferguson speaks of the 
maximum pressure being 149 volts, and the average 
pressure of all stations 126.2 volts. From that he 
figures that his average efficiency of distribution is 
91.2. It seems to me that with the 149 volts as a 
maximum pressure the watts loss at the time of 
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maximum load would form a very much larger pro- 
portion of the loss on an Edison station than the 
mean volts would indicate. I think that the watts 
loss would be much larger than 8.8 per cent. 

Mr. Ferguson : The efficiency of distribution is 
arrived at by taking the ratio between the pressure 
delivered at the customer's meter and the average 
station pressure for the year, which is 115 divided by 
126.2 volts. The maximum station pressure at the 
time of maximum load has nothing to do with the 
case; that is 149 volts, and is maintained for a short 
period of time. The true calculation is obtained by 
considering the average station pressure of 126.2 volts 
as 1 have given it, which is obtained by dividing the 
whole yearly watt-hours by the average amperes for 
the year. 

Mr. De Camp : What is the natural drop in the 
lines under normal conditions ? 

Mr. Ferguson: The average drop is 11.2 volts, 
or 8.8 per cent. 

Mr. De Camp: That is the whole year. What 
drop did you have between your switchboard and 
terminal ? 

Mr. Ferguson : The original distribution had a 
maximum drop of ten per cent ; the average drop 
was about three and one-third per cent. The maxi- 
mum drop from the centre of the distribution to the 
feeder ends is now ten per cent, and the average drop 
is 2.7 per cent for the year; showing an efficiency of 
distribution of 97.3 per cent. That would correspond 
to the average Edison central station where the 
station is located in the centre of the business 
district. 

Vice-President Stetson in the chair. 

The President : I think a short explanation as 
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to our conditions will make this matter plainer. We 
had a station in the centre of the city, in Adams 
street, where our present centre of distribution is. 
We moved 3,400 feet from there, in order to have 
the river on one side of the station and the railway 
tracks on the other side of us, to enable us to get 
free water for condensing and to get coal at the 
minimum price. It is simply a question of balancing 
fuel and labor cost against interest cost. The reason 
of the excessive drop here is because of the peculiar 
local conditions. We can buy coal very cheap, and we 
do not have to cart it, as we are on the railway track. 
On the other side of us we get Chicago River water 
for condensing and feed-water purposes for nothing 
except the pumping, so that our excessive drop is a 
question of spending money to save money. The 
cost of the energy lost owing to the drop is less 
than would be the amount of interest on additional 
investment in copper. 

Mr. Hubley : Our station has about 2,000-kilo- 
watt capacity on the alternating system ; 870-kilovvatt 
capacity on the arc system, and 1,000-kilowatt capacity 
power service. It seems to me that the main ques- 
tion of central-station operation is the one of con- 
verter losses ; that is, iron-core losses. We find that 
we have about fifty per cent loss on alternating-current 
station operation, due to constant losses in converters. 
Three years ago the losses were about seventy per 
cent. We have made an improvement by using better 
converters of larger sizes ; and at present our convert- 
ers are of latest improved types of prominent manu- 
facturers, arranged, so far as commercially practicable, 
according to local conditions governing, to give the 
best possible results. I have here some data of tests 
of converters, taken from four types of different man- 
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ufacture, and from them I find that the iron losses on 
a good converter will run from four per cent with 
small sizes to possibly one per cent on larger sizes. 
These, we have found in practice, will run very much 
higher, as the initial conditions cannot be maintained, 
owing to ''fatigue" or increase of iron losses. I will 
quote an instance in the case of a ten-light converter. 
The first test showed core loss twenty-seven watts, 
or five and four-tenths per cent ; and second test, 
after one year's service, showed sixty-five watts, or 
thirteen per cent. We have converters that have 
as high as twelve to sixteen-per-cent losses in the 
smaller sizes, from 500 to 2,000-watts capacity ; in 
extreme cases we have had as high as twenty-eight per 
cent loss. These losses increase constantly, due to 
"ageing" or ''fatigue" of iron, and from practical 
experience we find no regularity or proportional per- 
centage of increase due to this cause ; and in no case 
can claims of manufacturers be substantiated or main- 
tained. We have had, in our experience of the past 
few years, (during which time we have completely over- 
hauled our transformer system by replacing same with 
modern and improved apparatus and arranging accord- 
ing to most advanced ideas), converters that would 
pass our adopted specifications as being very good con- 
verters, and within six months' service would increase 
from 200 to 300 per cent over initial test, which would 
make them more profitable in the scrap pile than in 
service. Of the different sizes of converters, we con- 
sider a converter that will run anything under eight 
per cent on a ten-light capacity (500 watts) to one 
and one-half per cent on a 500-light capacity (25,o<x) 
watts) as being a good converter for service. We 
find in practice that the losses will average as high 
as twenty per cent on small sizes. Converters in 
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service, which under actual test had four-per-cent 
iron-core losses, and after a year and a half of service 
had thirteen-per-cent. In another case, a twenty- 
light converter, which had six-per-cent iron-core losses 
at the beginning, had sixteen-per-cent at the end of 
two years service. The all-important question with 
the alternating system is the fact that manufacturers 
have not been able as yet to manufacture convert- 
ers without these losses, or to maintain such losses 
within reasonable limits. I should like to hear the 
experience of other members who have investigated 
this question. 

Mr. De Camp: I wish to ask a question. I 
remember very distinctly that in one of our meetings, 
as far back as '97 or '98, it was said that the only 
transformer to use was one of a large size — with 
reference more particularly to house lighting. It was 
said that the only way to do was to put in a 
converter large enough for a whole block. At the 
next meeting the whole thing was changed, and, as 
I understood it in the discussion at the time, that 
was due to the large loss in the large converter when 
it had a small or no load, which is very apt to occur 
during a large portion of the twenty-four hours in 
house lighting: and they went, therefore, to small 
converters> which were more nearly the capacity of 
the individual installations. Then I heard again — at 
least I so understood the situation — that that would 
not do : that the aggregation of the losses in the 
small converter was much larger than that which 
existed in the larger converter. I want to know 
which is the best to use : a large number of small 
converterss or one large converter for a number of 
in5;ialUuions. 

Mr. Thavkr: I have been at work for the last 
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three years in remodeling our transformer distri- 
butions, and perhaps a short account of what we 
have done and the results we have arrived at may 
clear up this question somewhat. When I first took 
charge of our station there was a large fire, which 
burned out most of the original stock of transformers, 
Type E, General Electric, twenty- to forty-light sizes. 
They had an iron loss of 150 to 200 watts each. 
We began first by putting in a few large trans- 
formers, in the neighborhood of 100 lights each. 
After we finally got started we decided to make our 
distribution on the lines of the Edison three-wire 
system. To that end, we threw out all the fifty-two- 
volt lamps and made the i lo-volt lamp our standard. 
We threw out most of the old type of transformers. 
Four of the transformers reduced the iron losses 
down a little over one ampere. At present we are 
using 3.1 and 3.3-watt lamps in our downtown 
district. We have most of our lamps wired on the 
three-wire system. Our transformers downtown are 
largely connected into the three-wire network. Where- 
ever the residence lighting is at all heavy near the 
business districts, we have put in a transformer of 
from 100 to 150-light capacity, and they run tie- 
wires downtown. On week days the lighting load 
is rather lighter than on Sunday nights. It is 
heavier week-day nights downtown. Sunday night the 
conditions are reversed ; the churches are on, and 
we have heavier lighting in our residence sections. 
That equalizes the drop, so that now we have a 
variation along our mains of about two per cent. 
We have been unable to do much with it in the 
outlying districts. In all cases, where possible, where 
there are three or four houses, we put in a fifty or 
sixty-light transformer and run it no volts. On the 
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house-to-house distribution, wherever it could not be 
avoided, we put in 112-volt lamps. Our regulation 
was for four-fifths of our business from no to 112 
volts, and on the other fifth, which is a small 
proportion, our voltage would run from 114 to 116. 
In that way we got our iron losses down to eight 
per cent of the ordinary maximum load. In short, 
we have simply adopted the Edison system of distri- 
bution, modified to fit alternating-current conditions; 
and we have found that there is no question as to 
the advisability of using large transformers, both in 
cutting down the iron losses and improving the 
regulation of the plant. 

Mr. Chandler: I represent a station that is now 
running three systems. We inherited a regular low- 
tension, three-wire system. We found after a little, 
as the business increased, that we were running our 
interest charges up in copper to the extent of no 
profit. We then installed an alternating machine — 
monocycle, although \ve are running it simply as an 
alternator — and put in district transformers, 5,000- 
watt transformers taking in a section of residence 
distribution, and running the primaries to that and 
taking the regular three-wire system we have always 
had in use right around that. We have operated that 
with great success and satisfaction. We tap in on 
the Edison three-wire system and run a 1,000-volt 
current to the transformer, and the regular three-wire 
system from that. In some cases we have a system 
that we can switch from the alternating to the direct 
current as our needs seem to suggest. Then, through 
the centre of the town we still operate the Edison 
low-tension, three-wire system of no volts. We have 
the three-wire Edison system, two ninety-volt lines. 
It was simply our local conditions that made us 
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experiment with this, but we find it a complete suc- 
cess. The section that is on the 220-volt lamp system 
is as well and economically lighted, and gives as good 
satisfaction, as any section that we have. It seems 
to me that the distribution by the large transformers 
on the Edison system to outlying districts, which 
cannot be economically reached with the Edison low- 
tension, can be reached with the alternating system 
in that way and have the advantages and elasticity of 
the Edison system. Local conditions make it advis- 
able to use 500-volt circuit or the 220-volt lamps, and 
there is no question but that it can be economically 
done so far as the wire cost is concerned ; and it has 
been a very satisfactory experiment with us, and filled 
in where the low tension would not. The local con- 
ditions would perhaps determine which is the more 
advisable to use. All three of the systems will come 
in, and come in profitably. I have no doubt that 
the large transformers are the most economical and 
elastic, and by putting in the district transformers of 
the size we use for our circumstances — which suits us 
better than any other size — we have a system that is 
elastic in every shape. 

Mr. Smith : Mr. Wagner referred to the impor- 
tance of running pressure wires from the centres of 
distribution to the station. I am about to run 
pressure wires in my plant, and should be pleased to 
know more about them. 

Mr. Walbank : I have listened with a great deal 
of pleasure to the papers read this morning on these 
topics. There is one point, however, in connection 
with Mr. Wagner's paper, that I do not agree with. 
He says that the three-phase system is not adaptable 
to lighting houses. 

I may say that we are installing at the present 
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moment a three-phase plant of considerable size ; a 
portion of it has already been in operation for six or 
eight months. Previously to that we had a single- 
phase plant with a capacity of between 4,000 * and 
5,000 lights. The present installation has reached 
30,000 lights on the three-phase system. We run 
light and power, and have no difficulty in regulation. 
We have as yet no regulators on our circuits, depend- 
ing entirely upon the regulation we can get from the 
rheostats. Eventually, we shall put on induction 
regulators. 

We have a direct-current plant in the city of 
Montreal that will be driven by water by synchronous 
motors, and which will take care of elevators and 
motors already installed. 

The principal objection to the alternating system 
is the price manufacturers charge us for motors. The 
public would prefer an induction motor but for the 
price ; in fact, where we rent motors, the induction 
motor is preferred to the straight-current motor every 
time. 

We are also running about 300 series arc lamps 
and about seventy-five incandescent arc lamps. I 
should therefore like to know from Mr. Wagner why 
the three-phase system is not adapted to lighting and 
power. 

Mr. Carnes : I know very little about the scien- 
tific end of this business. We run 500-volt arc and 
single-phase alternating. The discussion here rather 
makes a man doubt whether he will be able to live 
and be financially able to attend the next convention. 
We have not a very large station ; about 600 arc 
lamps, about 500 motors of various sizes, about 
35,000 alternating lamps, a number of inclosed arc 
lamps and about twenty-five single-phase alternating 
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shunt motors. I must say that, although we are not 
up in all these modern improvements, we are very 
well satisfied ; we declared a i coper-cent stock 
dividend, and I guess nobody wants to turn loose 
their stock even now. We are going to wait until 
you demonstrate fully whether you have anything 
better. 

The President : We will now close the discus- 
sion on this subject by having some remarks from 
Mr. Wagner and Mr. Ferguson. As Mr. Wagner is 
a visitor to Chicago, we will give him the preference, 
and will call upon Mr. Ferguson to speak first. 

Mr. Ferguson : There has been a great deal said 
here regarding the efficiency of distribution. Mr. 
Dow talked on that subject this morning, and I think 
that it is only fair for me to say, in the interest of 
the various Edison central stations that are running 
throughout the country, that the figures which I gave 
in my paper do not fairly represent the average 
Edison central station, but are really less favorable 
than might be shown by the average Edison station, 
considering the question of efficiency alone. I have, 
therefore, had a curve made hurriedly that will show 
you the real condition of the Edison central stations 
of the United States as compared with the curve 
that Mr. Wagner has presented for his station in St. 
Louis ; and I would state that the general conditions 
of distribution represented by the curves shown by- 
Mr. Wagner and those shown by the curve I now 
present to you are the same ; in other words, the 
curve number two in Mr. Wagner's paper represents 
central stations that are located practically in the 
business centre of the city ; and the curve that I now 
show to you represents the efficiency of distribution 
of the Edison central stations located at the electrical 
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centre. You will see from this that the Edison 
central stations, such as they have in Detroit, and 
the older stations in Boston, and the original Adams 
street station of the Chicago Edison system, and 
plants of similar nature, — have a curve that at all 
times shows a higher efficiency than that of the best 
alternating-current station that has been presented. 
To my mind, the question of efficiency in percent- 
ages does not mean a great deal, for the reason that 
we have found it advantageous in Chicago to abandon 
the central station that gave that high efficiency curve 
and to build another central station three-fifths of a 
mile away to take its place. The new system of dis- 
tribution will not give so good a curve as the one 
shown on the chart ; neither will it give so good a 
curve as Mr. Wagner claims for his central station. 
But, despite that, the cost of producing a unit of 
electricity in the new station, with the poor efficiency 
of distribution, is infinitely less than it was at the 
central station that gave a higher curve of efficiency. 
Therefore, the real thing is not the curve of efficiency, 
but the actual cost of the production of the. unit of 
electricity. In other words, I would say that it would 
be much better in the alternating stations that have 
been proposed to us that they be moved to a place 
where they can get water and coal at a reasonable 
price, and then transmit their energy to the central 
station, than to have the central station located as 
inferred from the paper. 

I would call your attention to the fact that in 
the paper I have presented, in which I gave the 
losses in distribution, on page 169, you will find 
there two stations, numbers two and four, the first 
one of which has a high average station voltage of 
119. That means an efficiency in the first case of 
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96.6 and in the second of 95.8 ; both of which are 
better than we get by the best alternating-current 
station. Notwithstanding these efficiencies, we have 
found it advantageous to abandon these central 
stations and generating plants, and to transmit our 
energy from the downtown station, even with quite 
an additional loss in conversion. We do this, in the 
first place, because the cost of apparatus at the last 
station is lower, and a great deal of labor is saved 
in the cost of production in the outlying stations, 
which give the high curves of efficiency. 

The statement is made on page 175 of Mr. 
Wagner's paper : '' We can even secure better general 
regulation than with the direct-current system, as we 
have a better form of feeder regulation and have 
eliminated the effects of ihe transformer drop." It 
seems to me that this is rather a broad statement 
in view of the fact that they have no pressure charts 
to show what the regulation is, and, further, in view 
of the fact that I have presented to the convention 
a pressure chart of a direct-current system which 
shows an average deviation from the mean pressure 
of less than one volt. It is almost impossible to get 
a better regulation than that. If you get a regu- 
lation within one volt, that is as good as you would 
ask for ; and I doubt very much if any central- 
station system can be devised that would give better 
regulation than that, especially if any sort of feeder 
regulator is employed. My chart is taken from a 
system that employs no feeder regulators ; it is self- 
regulating, with forty-two feeders radiating from a 
centre of distribution. There are no feeder regu- 
lators, and we require none. We can still present to 
you the chart as I showed it this morning. You can 
appreciate, if you have feeder regulators, that they 
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requite manipulation; and it is doubtful if you can 
obtain a chart that will be any better than the one 
that has been presented. 

In regard to the alternating chart that I pre- 
sented, there was one gentleman that took exception 
to that. I did not present it as representing the 
alternating-current system as outlined in Mr. Wagners 
paper and representing my own as being the ideal 
one, but rather to show what is being done to-day 
and what has been done in the past in the average 
alternating-current station. I should like to see a 
chart from such a central station as Mr. Wagner 
described, and I am sorry he is not able to present 
such a chart, because I think it would be very 
instructive. Mr. Rice, I think, rather inferred from 
my paper that I thought the alternating machines 
could not be operated in parallel. We all know that 
it is being done in certain places. I simply wanted 
to demonstrate that if the alternating-current com- 
panies propose to have pressure regulation equal to 
that of the direct-current companies, they must oper- 
ate in parallel ; and until that is universally done, the 
alternating-current companies cannot hope to have the 
same regulation as is found in direct-current systems. 

I think that the statements made by Mr. Wagner 
in regard to the amount of copper required, are 
somewhat misleading. When you consider the cost 
of copper in such an alternating-current system as 
has been described, together with the transformers 
for such systems, and the cost of copper in the 
direct-current system, the difference is slight in com- 
parison with the total investment. I would also point 
out the fact that the cost of copper, of which such a 
strong point has been made, is really^ not so impor- 
tant after all, because the value of the copper is only 
about twenty per cent of the underground equipment; 
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so that even if you did make a material saving in 
copper, the total percentage on the total mvestment 
would be relatively very small. 

I think I covered the question of meters pretty 
well in my paper ; and I think it would be well for 
us to hear Mr. Wagner as to about the amount of 
power business he is doing with the single-phase 
system. In comparing the two systems, it is only 
right that the amount of power business that has 
been done in the direct and alternating-current 
systems should be stated, so that we may see the 
value of one system over the other in this respect. 

In regard to the question of alternating-current 
series arc lamps, it should be understood that these 
lamps are not used for commercial lighting with 
the system as proposed by Mr. Wagner, but for street 
lighting, and I think it would be well for us to hear 
from Mr. Wagner the reasons why he does not use 
them for commercial lighting. The figures that have 
been given by me on the question of efficiency were 
taken from the records of the company for actual 
operation for the period of a year. These figures are 
all very carefully kept, and are to be relied upon. 
There is no speculation whatever in the figures that 
I have given, as they were taken from the actual 
statistics of the company ; and of course we do not 
know about the figures on the alternating side, as 
the system outlined is not fully developed and it is 
possible that the figures are more or less speculative. 
It is a question whether or not it is fair at the 
present time to compare the two systems, one of 
which has been in use for a long time, the figures 
relating to which are reliable, and the other having 
been recently put into practice and the figures relating 
to it being in the embryonic state. 
17 
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Mr. Wagner: Mr. Dow criticised the figures 
given for feeder drop in the curves showing the 
distribution efficiency of representative Edison stations. 
The figures were intended to approximate the condi- 
tions existing here in Chicago, and, as Mr. Ferguson 
has shown by his curves, the efficiency that I gave 
was higher than he actually finds. Mr. Dow thought 
it unfair to consider the Chicago system as represent- 
ative. I was comparing it with a system that was 
being put in operation over a territory still more 
extended than that in Chicago, and in comparing 
the two systems it was advisable to approximate as 
nearly as possible two systems under nearly equal 
conditions, and the Chicago Edison company's efficiency 
was therefore considered the fairest point of view. 
I appreciate that there are many Edison stations in 
which the losses are much less, but the area over 
which they distribute is very much less ; and by 
limiting the area, or by placing the station in the 
most central part of the district to be lighted, it is 
evident that the loss can be reduced to any degree 
desired. Considered from the most economical stand- 
point, the cost of conductors, the cost of real estate 
and the advantages of a location usually some distance 
from the centre of distribution, where facilities can be 
found for condensing and for getting coal cheaply, 
must all be taken into account ; and while it is 
possible to reduce the distribution losses, as I said, to 
almost any extent, it is not, as a rule, economical to 
do so, as it necessitates a location that is not in itself 
economical for station operation. 

Mr. Dow asked about the additional resistance in 
the mains where alternating current is used. That has 
been the subject of discussion from time to time, and 
also of calculation. All the tables that have been 
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used show this increase in resistance, but they have 
only taken into account the cables themselves, and not 
the load on the circuit in connection with the cable 
loss, or the power factor of the load. Where these 
are taken into consideration, and the conductors placed 
as near as possible together and under one lead sheath 
with conductors as large as 300,000 circular mils, — 
which are as large as are generally used for distribut- 
ing mains — the difference between the alternating cur- 
rent and the direct current is inappreciable. In numer- 
ous tests on conductors of that size, I have found 
that the difference in drop with a given current, with 
a power factor of 100 per cent, is about one per cent, 
or the actual drop is increased one per cent with the 
alternating current. With a power factor as low as 
seventy per cent, which is lower than any combination 
of power and light would be on such a system, it is 
increased to three per cent additionally ; or two per 
cent drop with the direct current would be increased 
to 2.3 per cent. The additional cost for alternating 
mains on the three-wire system would therefore be 
practically nothing. The figures I gave on the effi- 
ciency of alternating inclosed arc lamps, comparing 
the watts consumed for a given amount of light with 
the alternating and direct current, are correct. They 
are made from actual experiment, and I can also say 
that the alternating-current inclosed arcs that we have 
in use are every bit as satisfactory as any direct-current 
inclosed arcs that I have seen. 

Mr. Carnes : Do you use them commercially? 

Mr. Wagner: We have about one hundred in 
use commercially. In two months we have changed 
two lamps out of that hundred. The light is fully as 
good as that of the direct-current. It is not the 
standard alternating inclosed arc ; it is made especially 
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for a larger amount of current, and takes seven and 
one-half amperes and no volts, or 550 actual watts, 
in circuit. In addition to these lamps, we have 3,500 
alternating arcs for street lighting and commercial 
lighting, and they are giving satisfaction. The open 
alternating lamps for commercial use are operated 
in connection with generator armatures especially 
designed to give a smooth and even wave of current, 
and there is less noise than in any place where I 
have seen arc lamps in operation. That matter was 
carefully considered in the designing of the gener- 
ators. The inclosed alternating arcs are practically 
noiseless ; we might have three in this room, and no 
one would notice the noise, with sixty cycles and the 
special form of armature referred to. 

Mr. Dow also spoke of the increasing use of 
electric elevators with motors directly connected to 
the drum mechanism. I said in my paper that this 
is the only service that we are not able to render 
with alternating-current motors. I have, however, in 
the last few days, since preparing the paper, heard of 
one installation of six or eight elevators using two- 
phase alternating-current motors, which were controlled 
from the elevator in about the same way as direct- 
current elevators and directly connected to the driving 
mechanism, and were in satisfactory operation. It is 
well known that alternating motors can be regulated 
and the torque increased at slow speeds by means of 
suitable resistances. It seems only a question of a 
short time when this work will be accomplished 
satisfactorily by alternating-current, two-phase motors. 
Single-ph^se motors have not been tried for that, but 
a single-phase motor can be controlled in speed in 
exactly the same way, with a few modifications, that 
a two- or three-phase motor can be controlled, and I 
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have no doubt that before a year has passed single- 
phase motors up to twenty-five horse power — which 
is as large as is necessary to run elevators — will be 
used for that purpose. 

Some mention was made of the inferiority of the 
alternating-current motors for general service, but I 
think that was ill-advised. The alternating motors are 
undoubtedly superior in many points to the direct- 
current motors, as they have less complication of parts 
and need far less attendance. The efficiency is fully 
as good as that of any shunt motor. Mr. Dow 
referred to distribution over limited districts from the 
Edison stations. I want it understood that J do not 
favor the use of the alternating current in every loca- 
tion and for every application. There are times and 
places to use the alternating current. Where the dis- 
tribution is over very small areas, even with the sys- 
tem I have described, for short distances the trans- 
former cost would become a large factor of the cost 
of the feeder, and would probably, for a distance of 
less than half a mile, exceed the cost of the direct- 
current feeder. In that case, the direct-current feeder 
is the thing to use, unless the station also furnishes a 
large amount of current at a great distance, when the 
use of the several systems would be inadvisable. 

Professor Goldsborough spoke of the use of sub- 
stations, and cutting off the transformers at times of 
light load. That should be done in small sub-stations ; 
but in a system where the distribution efficiency is 
already slightly over ninety-six per cent on the average 
load, — and that is all we have considered — it would 
seem inadvisable to go to any expense to provide sub- 
stations, or devices for cutting in and cutting out 
transformers at sub-stations, to increase the efficiency. 
The cost of interest on the apparatus involved would 
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decrease the ultimate average efficiency ; and, more 
than that, the cost of sub-feeders from the sub-stations 
would again increase the first cost of installation and 
it would not be economical to have a large number of 
sub-stations ; whereas, if the transformers are used 
continually in circuit they can be put in any location 
desired. The iron losses can be reduced to so very 
small an amount that further refinement seems unnec- 
essary. He also spoke of the power factor with these 
transformers at light loads. The power factor due to 
the transformer iron losses in the system referred to 
could never, with the smallest load you could possibly 
have in actual service on the transformer, be less than 
99.9 per cent, because the iron losses are so extremely 
small. They are .23 of one per cent of the capacity 
of the transformer. The inductance factor in that one 
per cent is practically negligible. Then, the use of 
sub-stations complicates the system ; simplicity, with- 
out great cost of operation, merits very great consid- 
eration. 

We operate the series open-arc lamps at fifty volts 
with cheap American carbons, and they do hum and 
make a good deal of noise ; but they are only used 
for street lighting. We use no series alternating 
lamps for commercial lighting, even outside of stores, 
and we do not use them with the underground 
distribution. For commercial lighting, we find it 
more economical to use low-potential arc lamps, 
operated directly from the incandescent system, than 
to use a separate system with series arcs. Then, 
again, the use of the meter for arc lamps is coming 
into general practice, the same as for incandescent 
lamps, and, of course, the use of a meter is out of 
the question with series arc lamps. All central-station 
men agree that the series arc lamp for commercial 
lighting will soon be a thing of the past. 
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Single-phase motors have been pulled to pieces 
considerably here, but I can say that we have in use 
over one hundred horse power of these motors, the sizes 
ranging from one-horsepower to fifteen-horsc-power. 
These have replaced direct-current motors, and the 
bills are no larger than they were with direct current 
for the same service. The power factor of these 
motors is between eighty and ninety per cent, according 
to size ; or as high as can be obtained with two-phase 
and three-phase motors. 

Mr. Insull spoke of the system here and the 
alternating system that was described, and wondered 
if I would advise changing such a station as the 
Chicago Edison to such a system as I have described. 
The question of which system to adopt must be 
controlled by the existing conditions ; its economies 
must be taken into consideration in connection with 
the cost of the changes and the scrapping of old 
apparatus. It certainly could not be to the advantage 
of the Chicago Edison company to change its present 
system for general distribution for the downtown 
district here, where the bulk of lighting exists, to 
any such system as this, even if the efficiency were 
practically loo per cent on the average, and I do 
not wish it to be understood that I would ever 
advise such a radical change. But in reaching out 
for new business in outlying districts, it has been 
proposed by Mr. Ferguson, and is already the prac- 
tice in some places, to employ rotary transformers to 
produce alternating current, transmitting this to a 
distance at high potential and retransferring it to a 
low potential and through rotary transformers to 
direct current. This is a case where the system 
described could be used to great advantage. It seems 
to me absolutely unnecessary, under any conditions, 
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to retransform from the alternating current to the 
direct current, and then to distribute with the three- 
wire system to outlying districts. Why not use the 
alternating current as it is? We can get a higher 
efficiency, and can accomplish all the purposes for 
which the direct current can be used. If a station 
that has been operated for some years is to be shut 
down and converted into a sub-station, and it employs 
a large number of direct-current motors and devices 
to do the work required of the direct current, involv- 
ing a large investment, it might not be at all advan- 
tageous to change it to an alternating-current station ; 
but for reaching out into new districts and developing 
them, it seems to me that there would be no reason 
for using the direct-current rotary transformer. The 
alternating current has been proposed for use in about 
this way for pioneer work, and when the three-wire 
system of distribution has been built up, to change 
over to direct-current work and put in rotary trans- 
formers. In doing this, we should gain nothing in 
efficiency, and in changing the system to direct 
current \vc should add grreatlv to the cost of the 
investment. 

The Brooklyn Edison company has a station that 
has been in o[>eration a short time where they have 
installed a large plaftt some six miles from the centre 
of distribution. They are generating alternating cur- 
rent entirely, three-phase, earning it to their former 
centres of distribution and transforming it into direct 
current. The fact that they are doing this, and that 
the Chicago Edison company is preparing to do the 
same thing in some instances, shows that there is 
economy in moving the central station to one side of 
the district to be lighted, where real estate is cheaper, 
where water can be obtained for condensing and coal 
can be had cheaper ; and in order to do that, in most 
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cities, it is necessary to employ alternating currents, 
because the distances obviously become too great for 
the use of the direct current. Here in Chicago they 
have accomplished the same thing with the direct 
current, for the reason that they obtained a location 
about three thousand feet from the former centre of 
distribution. In most cities such an accessible location 
cannot be readily obtained ; at least it was found so 
in Brooklyn. A station like the Brooklyn station 
could not afford to change its entire system over and 
adapt it for alternating current, so they could not 
use the alternating current direct from the large union 
power house without transforming to the direct cur- 
rent ; and in such instances I would not advocate the 
use of any other system than has been suggested and 
put in practice by Mr. Ferguson. But in new instal- 
lations and in rebuilding alternating-current central 
stations, this system finds its application, and in all 
new work where distribution is to be carried on over 
a large area, — as large as it is here in Chicago — I 
think it would be found advisable in every case, 
taking everything into consideration, to use such a 
system in preference to the direct-current system. 
Alternating current must be used for reaching the 
outlying districts. That requires the use of rotary 
transformers and the use of a different type of gen- 
erator, as a rule, in the generating station, complicat- 
ing the apparatus and the operation of the station, 
and requiring a great deal of additional investment in 
reserve capacity. 

Mr. InsuU referred to the claims of manufacturers 
several years ago not having been substantiated. The 
claims were made by manufacturers then, partly 
through the ignorance of the manufacturers, and 
partly through the ignorance of the purchasers ; but 
we know all about the subject now, and there is no 
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doubt that the drop in lines, the loss in transformers 
and the loss in distribution can be very accurately 
predetermined. I am not advocating an entirely new 
system from start to finish ; I am basing the system 
on the Edison system, which has been in use for 
years, and which has been so well tried and found so 
successful ; and the only change made in that system 
is the use of alternating current instead of direct 
current and high-potential feeders instead of low- 
potential feeders. The system, as a system of distri- 
bution, is not altered in any of its essential features, 
but simply involves the application of the alternating 
current for the purpose of reaching greater distances 
with economy. Mr. Insull wondered whether the 
company with which I am connected, if it were about 
to begin business in the district in which it now is, 
would use this system or the direct-current system ; 
or whether it would not accomplish what it has 
accomplished at greater economy of operation if it had 
installed the Edison direct-current system in the first 
place. I would answer that our company would not 
be doing one-quarter the business it is doing to-day 
if it had been tied down to the direct-current system, 
pure and simple, and it could not possibly, with the 
Edison direct-current system, perform the service it 
has to perform to-day. The amount of business to 
be obtained in a given area is limited. The area in 
Chicago served from the Harrison street station is 
very small compared with the business to be obtained 
here in Chicago, or even in St. Louis ; but we are 
not by any means so large a city as Chicago, though 
some of our people think we are. 

The President : It is from sixty to seventy per 
cent of the total lighting business in Cook county. 

Mr. Wagner: We have to reach out five or six 
miles in almost every direction to get the business we 
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statements that have been made, that in my opinion 
it is very undesirable to mix systems of distribution ; 
to use both alternating and direct-current generators 
in the same or adjacent stations to accomplish the 
results desired. The multiplication of machinery and 
the additional investment for the reserve are very 
serious factors. 

I spoke in my paper of the converter losses. I 
wish to answer Mr. Hubley in regard to that. In 
the most modern transformers made by several 
manufacturers to-day, they have almost eliminated the 
fatigue of the iron, and they will guarantee the 
increase in the iron losses to proceed at a very small 
rate. I said that in some instances the guarantee had 
been made that it would not increase over one per 
cent a year, and that where large transformers were 
used it would be inexpensive to re-anneal the iron of 
the transformers once in five or ten years, and that 
would bring the iron back to its former state. 

I think Mr. De Camp will appreciate now that 
large transformers are the things to use wherever 
possible, and the larger the better. 

In connection with Mr. Ferguson's pressure charts, 
I would say that I have seen many pressure charts 
taken from our lines that would compare very favor- 
ably, if not almost identical, with the best he has 
shown, and we use pressure wires in all cases. I think 
that Mr. Ferguson will tell you that no pressure wires 
were used even in the best of these alternating-current 
charts that he showed you. 

Mr. Ferguson : That is right. 

Mr. Wagner : You mentioned that the best chart 
was taken from a long circuit where a number of 
transformers were connected to secondary mains. 
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Mr. Ferguson : There were two feeders running 
from the station, feeding four large transformers. 
There were no pressure wires and no feeder compen- 
sator. 

Mr Wagner: Mr. Walbank said something about 
the three-phase system. I do not want to say any- 
thing against it, but where lighting is the principal 
factor, the three-phase distribution cannot be made to 
regulate as well and give as satisfactory results as the 
single-phase or direct current. Mr. VValbank's busi- 
ness, I understand, is principally power. His motor 
business is greater than his light business, and in all 
the water-power plants he mentioned the current is 
furnished principally for power, and lighting is a sec- 
ondary consideration. I could show you on the black- 
board why it is impossible to regulate satisfactorily 
with three-phase circuits where the load varies differ- 
ently on the different phases. It will vary in that way 
where lighting is the larger portion of the load, and 
will not where motors only are used. A regulator 
must be placed on each one of the three wires, if it 
is a three-wire three-phase system of distribution ; and 
the regulator used to boost up the pressure to com- 
pensate for feeder and transformer drop on any one 
of the phases affects the adjacent phases practically 
the same as it affects that you wish to regulate ; and 
it is impossible to avoid this except by the use of a 
four-wire system. With a four-wire three-phase system 
this may be very much lessened, if not eliminated. 

The President : Gentlemen, we have been kept 
so closely to it to-day that, with your permission, we 
will postpone until to-morrow morning the two papers 
that were scheduled for this afternoon's session. I 
should like to start promptly at ten o'clock. We have 
a good deal to do. and we shall undoubtedly have an 
interesting session. 
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ANNOUNCEMENTS 



The President : At eight o'clock to-night, Mr. 
Joseph Wetzler will deliver a lecture on '' Electricity 
Direct from Coal." It is one of the possibilities of 
our business, and is a subject frequently discussed from 
time to time in the newspapers, and I think you will 
have a better appreciation of what you may read in 
the future if you will come and hear Mr. Wetzler 
to-night. I think you will find that he will give us 
a great deal of instruction. 

Mr. Ferguson : If there are any gentlemen here 
that care to visit the main operating station of the 
Chicago Edison company at Harrison street, or any 
of the outlying stations, we shall be very glad to 
arrange to escort you to visit these stations at the 
close of this meeting. You will see some very inter- 
esting things connected with our operation. Those 
of you who are connected with alternating-current 
stations will see there the use of alternating currents 
by a direct-current company, and the direct-current 
men will see apparatus that I am sure will be useful 
to them in their business. 

The President : The railroad tickets for your 
return passage have been extended until the eighteenth 
instant, to enable you to go west with the North- 
western Electrical Association. If you will notify the 
secretary of that association, he will arrange for your 
tickets. Ladies will be included in the party. 

With your permission, we will consider the meet- 
ing adjourned until ten o'clock to-morrow morning. 

Adjourned. 
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ORDER OF BUSINESS 



Thursday, June 9th, 1898. 



FIFTH SESSION, IO.4O A. M. 

1. Paper — **Cost of Producing Electric Power by 

Water Power from Lachine Rapids, Canada." 
By W. McLea Walbank 

2. Paper — ** Transformer Economy." By Prof. 

Winder Elwell Goldsborough 



SIXTH SESSION, 2.55 P. M. 

1. Report — Committee on Standard Candle Power of 

Incandescent Lamps. Louis Bell, Chairman 

2. Report — Committee on Legislation Concerning 

Theft of Current. James I. Ayer, Chairman 



Report — Committee on Amendments to Freight 
Classification. James I. Ayer, Chairman 



EXECUTIVE session 

K Report — Secretary and Treasurer 

2. Appointment of Committee on Legislative Policy 

3. Report — Executive Committee 

4. Election of Officers 



FIFTH SESSION 



President Insull called the meeting to order at 
10.40 o'clock, announcing the first order of business 
to be the reading of a paper by Mr. W. McLea 
Walbank, of Montreal, Canada, on the cost of pro- 
ducing electricity by water power. 



Mr. Walbank read the paper as follows : 

LACHINE RAPIDS PLANT AND THE COST OF 

PRODUCING POWER FOR GENERATING 

ELECTRICITY THEREFROM 



Mr. President and Genilemen : 

In order to allow of a fair comparison with other 
plants, of the cost of producing power for generating 
electricity from the Lachine Rapids plant, the writer 
considers it desirable to give you a brief outhne of 
the hydraulic as well as the electrical equipment of 
our works. 

The world-renowned Lachine Rapids, as you are 
all doubtless aware, are situated on the St. Lawrence 
River, a short distance from the city of Montreal. 

The idea of converting the wasted energies of 
these turbulent waters and harnessing them for the 
use and convenience of man was not new. As far 
back as 1866 a company was formed, whose object 
was to erect dams and construct large hydraulic works 
about a mile lower down the river than the site of 
the present power house ; their object being to 
induce factories to establish their works at the rapids, 
for at that date the possibilities of electric transmission 
had not been demonstrated. The scheme, however, 
never materialized, and since that date various projects 
have from time to time been talked of, but never 
matured. 

In the fall of 1895 the Lachine Rapids Hydraulic 
and Land Company, Limited, commenced its oper- 
ations. The directors began work only after having 
fully satisfied themselves upon the difficulties to be 
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encountered and overcome, and carefully studying the 
question of back water, frazil and anchor ice, and 
N^ent in with a determination to succeed. The com- 
pany was honestly formed, without ** ground floors" 
or ** sub-cellars," with a bona fide capital, on which 
every share represents $ioo in cash. This, the writer 
considers, has direct bearing on the cost of producing 
electricity, because a company handicapped by what is 
called watered stock, or exorbitant promoter salaries, 
has to pay interest on money it never had the use 
of. Having, therefore, formed a company on a solid 
and firm financial basis, the property fronting on the 
Lachine Rapids, and controlling the water-power priv- 
ileges, was secured, and operations were begun for 
the development of the water power. 



HYDRAULIC DEVELOPMENT 

The hydraulic plant consists of a main dam and 
power house i,ooo feet long, and a wing dam and 
guard pier 5,000 feet long, forming a head race or 
basin with an average depth of twelve feet in low 
water. To secure this, it was necessary to divert the 
waters of the St. Lawrence and lay bare the bed of 
the river for a distance of over a mile and remove 
over four hundred thousand cubic yards of rock. 

The main dam, which is constructed of a series of 
isolated cut stone piers, with head gates and stop logs, 
furnishing in all thirty-six flumes and three waste weirs, 
at the same time forming foundations for the power 
house and turbine sheds. 

The total development will, when completed, con- 
sist of seventy-two vertical turbine wheels and twelve 
generators ; the wheels connected in series of six, by 
gearing, to a horizontal shaft, at the end of which a 
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generator is directly connected. The completed power 
house will contain twelve such sets ; the whole as 
shown on the accompanying blue prints. 

Of the total installation, forty-eight wheels are 
already in place, and the power house, head race, tail 
race and dams are completed. 

ELECTRICAL EQUIPMENT 

Each dynamo house will contain four three-phase 
General Electric alternators, wound for 4,400 volts at 
full load, and two direct-current exciters at 120 volts. 
There will be in the total installation three such 
dynamo houses, containing in all twelve dynamos and 
six exciters, each exciter being capable of exciting 
four machines. Each dynamo house will have its 
own switchboard, of blue Vermont marble, of the very 
latest design, so arranged that each circuit may be 
operated from the switchboard of either power house. 
The floors are of slate and the building of solid brick. 
The current is generated at 4,400 volts, avoiding the 
use of step-up transformers ; is transmitted on iron 
poles over bare copper wire to the city of Montreal, 
a distance of about five miles, to the sub-stations, 
where the pressure will be lowered to 2,300 volts, and, 
by means of sub-station switchboards, subdivided into 
the desired units and distributed, partly through under- 
ground conduits, and partly by overhead construction, 
throughout the city of Montreal and its suburbs, 
where we find a population of over 300,000 people 
offering a market for light and power. 

Of the total equipment one-third is already 
installed. 

TOTAL POWER 

The wheels were tested at the Holyoke testing 
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flume, on April i6th and 17th, 1897, and developed 
at full gate as follows : 

With a speed of seventy-six and one-fourth revo- 
lutions, discharging 235.33 cubic feet of water per 
second and developing 300.84 horse power; showing 
an efficiency of 81.32 per cent, which would make 
the total possible output of our power house about 
16.000 kilowatts. 

COST 

Perhaps the greatest obstacle to a fair comparison 
of electric current produced by water power, as 
against the same current produced by steam, is the 
first cost. In the former case, especially if a large 
water power is to be developed, the expense of the 
whole installation, such as dams, head and tail races, 
etc., has usually been made at the beginning, while 
perhaps only a fraction of the power thus obtainable 
is at once used ; therefore showing a very much 
larger capital cost per unit than with a steam plant, 
which need only install the power necessary for 
immediate demand and continue increasing or adding 
thereto as the demand therefor offers. In our own 
case you will notice it was necessary for us to 
spend about $1,000,000 in hydraulic development. 
This million dollars is able to furnish us over twenty 
thousand horse power, whereas it will be some time 
before we shall be able to convince the public of the 
advantages to be derived from the use of electricity, 
which is no easy task, as anyone familiar with the 
subject will bear out. From a commercial point of 
view the 5,000 horse power will have, for the present 
at least, to be charged with all the expense of the 
hydraulic development of over twenty thousand horse 
power. 
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In estimating the cost of producing power from 
the Lachine Rapids, the writer does not take into 
consideration the cost of distributing power, for this 
would be the same in either case, whether the prime 
mover were a water wheel or a steam engine. He 
will therefore confine himself to the cost of develop- 
ing water power and delivering that power on the 
'bus-bar at the sub-station, exclusive of the generator. 
He will add the cost of transmission line from the 
source of power to the sub-station in the city, because 
this is directly attributable to water-power plants, as 
it would not be necessary in the case of a steam 
plant, unless it were for transmitting power from a 
coal mine to a city, or following the practice laid 
down by the Brooklyn Edison company in locating 
their power house at a point convenient for obtaining 
coal and water at reduced prices, using high-tension 
transmission and converting by rotary converters at 
various sub-stations. There also will be included the 
step-down transformers to bring the pressure equal to 
that required for local distribution, namely, in the 
neighborhood of 2,000 volts. He will also charge 
the water power with the drop or loss in power from 
the rapids to the sub-station. 

The writer therefore considers, in justice to the 
Lachine Rapids plant, that it would be necessary to give, 
first, the cost per kilowatt per year for the portion of 
the plant at present installed and connected to gener- 
ators ready for operation ; and, second, what the cost 
will be per kilowatt per year when the whole water- 
power development is in operation. 

I St. The total cost of water rights, dams, hydraulic 
machinery, power house, transmission line, step-down 
transformers, etc., is $957,200. 

Power developed, 4,000 kilowatts at the generator. 
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Allowing ten per cent loss, there will be delivered 
at the sub-station 'bus-bar 3,600 kilowatts, which is 
equivalent to $263.83 per kilowatt, capital cost. 
This, at six per cent, would be equiv- 
alent to $ 1 5-95 per K. W. 

Depreciation of $300,000, which will 
more than cover the cost of that 
portion of the plant subject to 
depreciation, rated at five per cent 
and spread over 3,600 kilowatts, 

would be equivalent to 4. 1 7 per K. W. 

Operating expenses, including labor, 
repairs, insurance, amounts to 
$10,275 per annum, which, divided 
into 3,600 kilowatts, is equiva- 
lent to 2.85 per K. W. 

Making a total cost per kilowatt on 
a twenty-four-hour-day basis per 
year $22.97 per K. W. 

2d. The total cost per kilowatt with the whole 
water-power plant in operation. 

Before giving these figures the writer would like 
to explain that the figures herewith quoted are reli- 
able for the cost of the completed plant, inasmuch as 
the same is at present under contract with reputable 
firms, the Lachine Rapids Hydraulic and Land Com- 
pany having a limited time in which to order the 

works completed. 

The total capital cost with seventy-two wheels 

installed will be $1,113,273. 

Power developed after deducting all 
losses will be 13,500 kilowatts at 
the sub-station 'bus-bar, equivalent 
to $82.46 per horse power capital 
cost, which at six per cent repre- 
sents (per annum) $4-95 P^r K. W. 
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Depreciation per kilowatt will equal.. .$1.68 per K. W. 

Operating expenses, including labor, re- 
pairs, oil and waste and insurance, 
if taken upon the same basis as 
already existing, will amount to 
$20,453, equivalent to 1.5 1 per K. W. 

Making a total for a twenty-four-hour 

run per annum of $8. 14 per K. W. 

It will be noticed that the operating expenses, as 
well as the depreciation per kilowatt, in the latter 
case is very much reduced ; and it is a remarkable 
feature how constant our operating expenses are, 
even at present, being practically the same with full 
load as with no load. 

In connection with these figures it might be 
stated that coal used in Montreal and vicinity is what 
is known as Nova Scotian coal, and costs $3.50 per 
ton for run of mine. 

The writer would also draw your attention to the 
fact that the capital cost cited in each of the fore- 
going cases includes money paid for real estate, of 
which the company owns over some eight million 
feet, fronting on the rapids, intended at some future 
date to form the site of a suburban town, and which 
it is hoped and expected will return the money 
expended in developing the water power above 
referred' to. 

CONCLUSIONS 

From the foregoing the writer trusts that he has 
shown that where reliable water power can be 
obtained within reasonable distance from power 
centres it can be made to produce cheap electric 
current, to say nothing of the great advantages the 
city must derive therefrom, not only commercially, 
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but viewed from a sanitary standpoint as well, as the 
use of electric power thus generated is the best 
smoke consumer yet invented. 



DISCUSSION 

Mr. Wagner: I wish to ask for information on 
these figures. Are they based on a twenty-four-hour 
use of the kilowatt capacity of the generators or of 
the station ? In other words, I want to know whether 
the figures are based on the assumption that the 
generators are loaded practically at their maximum 
rated capacity for twenty-four hours for each day in 
the year. If these figures were based on that assump- 
tion, and we took the average load factor of most 
of our central stations, of from twenty per cent to 
twenty-five per cent of the maximum load, would it 
not have increased these costs four or five times, 
based on the number of kilowatt-hours delivered 
from the station ? I understand that these two costs 
are based on the kilowatt capacity of the station, and 
not on the average kilowatts delivered ; that average 
being, say, from twenty to twenty-five per cent of 
the maximum, which cannot exceed the maximum 
capacity of the generator. 

Mr. Walbank : The cost that I have given you 
there is based upon the possible output of a plant, 
independently of the number of hours that it is used. 
Our capital cost was a stated amount, and we have a 
certain capacity in electrical generators ; by dividing 
one into the other, you get how much it cost us per 
horse power to develop. But, so far as twenty-five 
per cent use of the system is concerned, we hope to 
run pretty nearly full all the time. It does not cost 
any more to run during the daytime for power and 
during the nighttime for the lighting load. 
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Mr. Wagner: It does not cost any more to do 
that, but you are trying to perform practically the 
same service that the existing central stations in large 
cities do from their steam plants. You have the same 
service to perform, for lighting and power, over a 
large city, and supply current for that purpose as it 
is required ; and it is found that the average current 
thus required is only twenty or twenty-five per cent of 
the maximum requirement, and the maximum require- 
ment cannot be greater than the maximum capacity 
of the generators ; so that it is a physical impossi- 
bility to find a service that will keep your generators 
loaded. Therefore, the cost of production, per kilo- 
watt, must be based on the cost of production of the 
kilowatt-hours per year delivered, and not on possible 
kilowatts, which could be delivered, if you could find 
people to use your current constantly at all times, at 
a uniform rate of use. 

Mr. Walbank : I believe that, sooner or later, 
we shall keep our plant running pretty nearly full 
capacity. There is in use in Montreal at the present 
time over thirty thousand horse power of steam. We 
have the street railway company, using 5,000 horse 
power in steam, besides a suburban street railway, 
using from five hundred to seven hundred horse 
power. There is also the opening and closing of 
locks and drawbridges on the Lachine canal, and who 
knows but in the near future we shall be able to 
do the towing in this canal. If we chose to sell our 
power cheaply enough, there are certain manufacturers 
who would take our power when not required for 
lighting. 

Mr. Wagner: Take, for instance, the best users 
of power on the average — the machine shops and fac- 
tories. They use it only an average of ten hours per 
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day ; they do not run at night. In the example which 
you give of street-railway power plants, the load is 
very fluctuating, and usually reaches a minimum in 
the middle of the day and the middle of the night 
and the maximum in the morning and the afternoon. 
You cannot with such loads obtain a uniform load on 
your generators. If these different characters of work 
might be made to be performed together from the 
same generators, it would give you a little better aver- 
age load than any one of them separately ; still, they 
would overlap, as a rule, at the maximum, and that 
overlap is the element that determines the capacity for 
which your generators must be reserved. 

Mr. Walbank : To get over that, we should give 
power at lower rates to be used from seven o'clock 
in the morning until four o'clock in the afternoon 
and from seven in the evening until four o'clock in 
the morning. 

The President: That would not escape an over- 
lap. vSuppose you got all the power generated at the 
present time in the city of Montreal, and plotted a 
curve ; you would find that the curve would start to 
rise in the winter towards three o'clock and would 
not go down until about a quarter past five, and at 
night it would go down to a small percentage of the 
maximum. That is, if you got every particle of 
power used in Montreal, including twenty-four-hour 
power, lighting, pumping, street-railway power and 
arc lighting, you would find that you had a high 
maximum in the winter, and it would follow closely 
the curve of any large central station in the central 
portion of any city. 

Mr. Walbank : During last winter, for instance, 
our demand for lighting did not begin until four 
o'clock p. m., and very seldom as early as four 
o'clock. 
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Mr. Wagner : You cannot make people use 
current because it is cheap ; they use it when they 
want it. 

Mr. Walbank : We had a contract with a cotton 
company to run their plant from seven in the morn- 
ing until four in the afternoon during the winter 
months, and at any time they wanted the power 
during the summer months, and if they found that it 
would pay them to take it they would do so. We 
could give them power so cheaply that it would pay 
them That contract would have been closed, except 
that there was question of a guarantee. They wanted 
us to be responsible for the firemen cutting wires, 
and to assume extraordinary responsibility, which we 
would not do. We offered to sign a contract that 
any other electric company would sign. 

Mr. Ferguson: It seems to me that the figures 
$10,275 per annum are very small for the operating 
expenses of such a plant as described by Mr. Wal- 
bank. The figures on the cost of the kilowatt-hour 
are based on full load, running the machinery at full 
load twenty-four hours a day. That would give an 
output of 31,000,000 units a year, which is double 
the output in Chicago, and I am sure we could not 
begin to operate our plant for anything like that 
amount. I do not see how it can possibly include 
any portion of the general expense. 

Mr. Walbank : Mr. Ferguson does not under- 
stand the point ; my paper does not treat of the 
production of electricity, but the production of power 
for generating electricity. It is simply the operating 
expenses of the power station at the Rapids. All 
that is required to operate that plant to-day is three 
switchboard men ; one day man at the water wheels, 
one night man at the water wheels and a man to 
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clean around. The figures are actually taken from 
our books. 

The President : Suppose a man wants power 
for three or four hours a day ; will you sell it ? 

Mr. Walbank : Yes, for a minute a day if he 
wants it ; at any time he wants it, flat rate or by 
meter ; one lamp or 5,000 horse power. 

The President : How are you going to protect 
yourself on the question of maximum load ; by differ- 
ence in rates ? 

Mr. Walbank : We have, of course, difference 
in rates. 

Mr. Wagner: Mr. Insull showed us forcibly 
day before yesterday, on the diagram which he dis- 
cussed at some length, the large proportion of the 
interest charge compared with the total cost of 
operating, all expenses included. The only saving 
to be effected in water-power distribution, as com- 
pared with distribution from central stations from 
steam, is thie item of coal. 

The President : That is one-sixth of the interest ; 
that is all. 

Mr. Wagner: Now, can a water-power plant be 
installed that will not cost more than one-sixth more 
than a steam plant ? If the water-power plant costs 
one-sixth more than the original cost of installation 
of a steam-power plant, the cost of operating it will 
be the same, I take it. 

Mr. Walbank : How about engineers, etc.? 

Mr. Wagner: The labor item that would be 
eliminated by the use of water power would necessarily 
have to go into the fuel account, or be treated as 
an equivalent for the fuel account, and we might 
increase that to one-quarter instead of one-sixth, and 
assume that the water-power plant cost twenty-five per 
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cent more than the steam plant, in which case the 
cost of operating and the production of current per 
kilowatt-hour would be approximately the same. 

Mr. Walbank : Then, there is depreciation on the 
steam plant as compared with nothing on the water 
plant. 

Mr. Wagner: We have not included all the depre- 
ciation charges in the discussions we have had on that 
subject heretofore, except such depreciation as is taken 
care of in the continual maintenance of the plant 
when we refer to operation. I do not want to criti- 
cise the system unfavorably, but simply desire to get 
information on the comparison of the cost of produc- 
tion by water and by steam power. 

Mr. Ferguson : To compare such a water-power 
plant as described by Mr. Walbank with a steam 
plant, I should like to offer as a permanent instal- 
lation one equal to that outlined by Mr. Walbank 
— our system in Chicago represented by the Harrison- 
street station ; and I think all who have seen that 
plant will agree that that station is quite as permanent, 
from the standpoint of investment, as the system out- 
lined by Mr. Walbank. To show the comparative 
cost of producing a kilowatt-hour, I should like to 
offer some figures. The cost of the station, including 
the transmission line, is $1,200,000; the interest on 
that amount will be $72,000; the total cost of 
operation at the switchboard of that station is $77,000 
per year ; the two latter items added together make 
$149,000. Taking the same percentage for depreci- 
ation that Mr. Walbank takes, we have a depreciation 
of $20,000, making the total operating cost $169,000. 
The total maximum capacity of that station is 7,000 
kilowatts, so the cost per kilowatt in that station 
would be $24, as compared with $22.90 stated by 
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Mr. Walbank ; so that the difference between cost in 
generation in a water-power plant and that of a first-r 
class steam plant is very slight. 

Mr. Walbank: What price do you pay for coal? 

Mr. Ferguson : A dollar and twelve cents a ton. 

Mr. Walbank : We pay $3.50 a ton. 

Mr. Fakes: What is the difference in depreciation 
between the water-power plant and an ordinary steam 
plant ? 

Mr. Walbank : I cannot tell you what the depre- 
ciation of a steam plant is, but so far as the depreci- 
ation in a water-power plant is concerned, there is 
practically nothing to depreciate ; I do not think our 
expenses for depreciation amount to anything. There 
has been no great improvement in water wheels for 
twenty years. If you compare the water wheels of 
twenty years ago with those manufactured to-day you 
will find very little difference. I put in water wheels 
twenty years ago on the Lachine Canal, Montreal, 
and those we put in to-day are practically the same. 

Mr. Wagner: It would seem that the statement 
that has been made, that there have been no improve- 
ments made in water wheels during the last twenty 
years, would tend to show that the water-wheel man- 
ufacturers have not been so progressive as some of 
the manufacturers in other lines. 

Mr. Walbank : The water-wheel manufacturers are 
ahead of them in perfecting their wheels. 

Mr Wagner: I heard it stated two or three 
years ago by a prominent manufacturer of arc-light 
machines that they had made no changes for nearly 
ten years in the patterns from which their arc-light 
machines were made. 

The President : Are they in business now ? 

Mr. Wagner : They are not in business now. I 
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make the statement to show how systematically the 
water-power business must have been conducted, and 
how little necessity they have found for changes in 
their business. 

Mk. Davis: I ask whether Mr. Walbank has 
made any calculation as to the cost of power on the 
basis of operating 3,600 kilowatts six hours each day, 
including Sunday, and 900 kilowatts for eighteen 
hours. 

Mr. Walbank : I am not writing on the cost 
of distributing power, but on the cost of generating 
power. 

Mr. Davis: I wanted to know as to the fact 
whether any calculation had been made on the basis 
suggested of a maximum load of 3,600 kilowatts for 
six hours and 900 kilowatts for eighteen hours. 

Mr. Walbank : We shall probably be able to 
answer that question in five years, after we have had 
enough experience. 

Mr. Davis: Have you made any contracts for less 
than two cents a kilowatt, delivered at the factory? 

Mr. Walbank : We do not sell our power in that 
way. I will explain our method of selling our power; 
it depends on the unit, whether it is one horse power 
or 500 horse power. 

Mr. Davis: Your best customer? 

Mr: Walbank: We give it to him by meter; a 
ten hours' run, at a certain figure for the year. In 
that case there is a scale of charges, which vary from 
$35 a horse power down to $10 a horse power, and 
then so much a kilowatt-hour for what the meter 
shows. 

Mr. Davis: What is the kilowatt charge? 

Mr. Walbank : It varies from one-half cent to 
four or five cents ; depending on the probable use to 
be made of the current. 
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I think that in these figures Mr. Walbank has left 
out an important thing. We ought to know what 
the load-factor of the system is, because the figure of 
$io,oco is proportional with his output, or it will 
vary with the output, so that the load-factor is now 
only ten per cent. It is hardly fair to compare the 
cost he has presented with that of a system having a 
load-factor of twenty-five per cent. I took a station 
of twenty-five per cent. If it were only ten per cent, 
then, of course, the output per kilowatt would be 
less, and the figures would be still more favorable to 
the steam plant. 

Mr. Matlack : There is a water-power plant not 
far from Chicago. It was started with four No. lo 
old-style Edison machines, and the theory was that it 
would cost very little to operate it. The experience 
they had with the water-power plant — with the inter- 
ruption and unreliability of it — made it necessary to 
displace it with a steam plant. The difficulties were 
from obstructions getting into the wheels' ports and 
making it impossible to shut the water off. As the load 
went off, the speed and voltage increased beyond con- 
trol, and burned out the lamps ; anchor ice would also 
clog up the racks in front of the wheels and shut the 
water off ; and another difficulty was that a school of 
eels once went into the wheel, clogged it so that water 
could not pass and shut down the plant. The other 
water-power users on the race had a custom of letting 
the water out of the head race two weeks each sum- 
mer for cleaning out the wheel pits, and it made it very 
inconvenient for the electric-light customers. As has 
been stated, these water-power plants, for economy of 
construction, must be built and investment made for 
the maximum capacity of the water power. Most 
central stations have started in with a few hundred 
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horse power and have grown up to many times their 
starting load. Under these conditions the interest 
charges on the original investment of a water-power 
plant must be earned by a light load, — only a small 
fraction of the plant capacity — and the water-power 
plant would therefore be a very expensive investment 
unless the investment were light or there were busi- 
ness from the first to use the full capacity of the 
plant. 

Mr. Walbank : Had the water plant you refer 
to any rack in front of it? How did the eels get in? 

Mr. Matlack : They went through the rack; they 
took out ten bushels of them. 

Mr. Davis: Does Mr. Walbank expect to do 
much business in the case of small customers on 
$35 P^^ y^^^ P^^ horse power and four cents a 
kilowatt-hour, which means for small consumers about 
$120 a year plus the basic rate? It is the experience 
of the majority of central stations that, taking every- 
thing into consideration, we should be only too glad 
to do a power business on that basis independently of 
the basic rate. In other words, our experience in our 
town has been that, with the competition of isolated 
plants, we have to sell current at three and one-half 
cents per kilowatt, net. 

Mr. Walbank: In reply to the question as to 
the cost of a single horse power ; if the customer is 
going to use it ten hours a day, he is not going to 
pay meter rate, he will take it on flat rate. On the 
other hand, if we supplied him on the meter rate 
without a standing-by charge, he might use it only an 
hour and we should get practically nothing at all from 
him, notwithstanding the fact that we should have to 
stand ready to give him the full quantity of power he 
needed at any moment. For this reason we make a 
standing-by charge for small units of $35 per horse 
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power, and charge him so much per horse-power hour 
for the amount consumed as shown by the meter. 
This standing-by charge decreases as the unit 
increases. 

Mr. Wagner: I think we all appreciate that 
within the next few years water-power stations will 
be developed over the country to a very great extent, 
and we are all very much interested in the engineer- 
ing details that have been so neatly worked out by 
Mr. Walbank in Montreal. This undoubtedly stands 
as one of the foremost electric water-power installa- 
tions thus far produced ; but when it comes to the 
cost of operation and distribution, and of the total 
cost per unit of power furnished from such installa- 
tions, we should like very much to see them based 
on lines somewhat similar to those upon which we 
are accustomed to have the records of steam-power 
plants. We have a more or less uniform system 
among our central stations for showing the cost of 
production per kilowatt-hour delivered from the sta- 
tion, and if the water-power plants could use the 
same general forms to show their total costs, the 
comparison would be more instructive. 

Mr. Davis: What would be your price to a 
customer that would guarantee to use loo horse 
power for ten hours a day per working year ; what 
would the rate per horse power be ? 

Mr. Walbank : Anywhere from $32 to $36. 

Mr. Rice: I was sorry to be called out of the 
room at the time the paper was read. I should like 
to ask what the regulation is in the station that is 
comparable to the charts given yesterday by Mr. 
Ferguson. 

Mr. Walbank: You mean electrical regulation of 
water wheels? 

19 
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Mr. Rice: I should like information respecting 
the regulation of the water wheels and also the 
regulation in the lighting system. 

Mr. VValbank : So far as the electrical regulation 
is concerned we have none, because we only opened 
last December and the special station switchboard is 
not up yet. What our ultimate regulation will be is 
pretty hard to say. I wish to correct a remark made 
by Mr. Wagner yesterday when he said that we 
operated principally for the supplying of power. We 
are operating about 30,000 incandescent lights now, 
with very little power. We have 300 series arc lamps, 
seventy-five to 100 alternating arc lamps, with one or 
two of the inclosed type. We were originally oper- 
ating a single-phase plant from steam, and we found 
then what our coal costs us. We shut down the 
steam plant and started up the three-phase plant from 
the Rapids, and used the same switchboard that we 
were operating the steam plant with, and converted 
our power down to the two-phase and connected on 
that switchboard and brought out one leg in one 
direction and the other leg in the other direction. 
We are now operating with the same generator 
another plant at the northeast end of the city and 
through the suburbs of Montreal, and I do not 
think we have any complaint of the regulation ; and 
the three-phase is as good as single-phase for every 
purpose. 

Mr. Anderson: I represent a company located at 
Springfield, Massachusetts. One year ago we com- 
pleted a water-power installation of a capacity equal 
to that of the steam station that we ran before. I 
found that with a maximum capacity of water wheels 
of 2,800 horse power we were able to deliver 1,000 
electrical horse power six miles from the water-power 
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Station. I also found that it cost $6,000 to operate 
that station. According to my calculation, that is 
about $8 per kilowatt, delivered, for operating 
expenses. These operating expenses do not include 
any cost of repairs, which have not yet been necessary. 
My company pays the company owning the water- 
power privileges $9.23 a mechanical horse power 
delivered to its shaft. To deliver an electrical horse 
power at the end of the line, deducting for losses, 
costs us about $12. That makes it $21.23 for an 
electrical horse power delivered, with no allowance 
made for depreciation or the cost of repairs or 
interest. The company built a power station costing 
approximately $150,000, with a capacity of 2,800 horse 
power. The electric-light company pays to the cor- 
poration owning the water-power privilege an amount 
of money representing an investment of about $200,000. 
The depreciation factor we can only guess at, but we 
allow for depreciation a sum of money, the interest 
on which amounts to about $5 per electrical horse 
power delivered. I may say here that the load on 
that station consists of some seven hundred 1,200- 
candle-power street lamps, which burn 4,000 hours a 
year, all night ; a maximum incandescent load of 600 
amperes or 720 kilowatts, and a motor load, which is 
on from seven o'clock in the morning until six at night, 
of about two hundred horse power, besides a load of 
200 horse power of commercial arc lighting; so that 
we take in all classes of work. We find that with 
our maximum of 2,800 horse power, which represents 
the maximum load at the water-power station, we can 
deliver twenty-four hours a day an average of 1,000 
horse power. 

Mr. Davis : I ask the last speaker if he is willing 
to state the difference in the net result to him before 
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and after installing and operating the water-power 
plant. 

Mr. Andkkson : We have found that the change 
from the steam plant to the water-power plant has 
resulted in a very considerable saving, due to very 
favorable conditions ; and we have also found that we 
are able to deliver nine-tenths, approximately, of our 
whole sold output from the water-power plant. 

TiiK President: As there seems to be no further 
discussion of this subject, I take great pleasure in 
calling upon Professor Goldsborough to read his paper 
on transformer economy. 



Professor Goldsborough read the following paper: 



TRANSFORMER ECONOMY 



A great deal has been said and written about the 
static transformer of alternating currents, and yet we 
are only just beginning to understand this much- 
discussed piece of apparatus. The manufacturers have 
made it and experimented with it, the theorists have 
experimented with it and disputed over it, the under- 
writers have disputed over it and endured it, and the 
central-station men have endured it and made use of 
it to the great good and comfort of the public. No 
other piece of apparatus in the field of electrical 
engineering has been lauded higher or been the sub- 
ject of greater abuse, and to all it has served a 
purpose. The transformer occupies a higher position 
to-day than ever before, and it grows in importance 
as each new development in the field of applied 
electricity points out a new department of usefulness 
for it. 

There has, however, been enough agitation lately 
on the part of manufacturers, in behalf of substi- 
tuting new types of transformers for the old ones 
now in use, and of relegating the small transformer 
to the scrap heap, to cause some unrest to the cen- 
tral-station men that are responsible for the successful 
operation of alternating-current generating plants. 
The foundations of many of these plants were laid 
before the time of skilled designers of electrical 
machinery, and at a period when the factory motto 
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was **cut and try." As the public demands increased, 
the plants developed and expanded before the prac- 
tical men were amenable to ** theories," and before 
the exact methods of the laboratory had become the 
daily practice of the constructing engineer. Managers 
see that engineers are still making mistakes, and that 
faulty design is still a factor in electrical development f 
and when they call to mind the enormous sums of 
money that have been spent in this country on ill- 
advised improvements, it is not to be wondered at 
that they hesitate. 

There is, however, a gradual change for the better 
in the number of the yearly contributions to the 
records of our electrical societies, and as these records 
are the expression of the best thoughts of the men 
that have made America famous as the land of elec- 
tricity, they may be taken as signs of the times in 
our department of engineering activity. 

We are constantly impressed with the fact that 
the refinements of exact scientific methods are being 
made the subject of everyday discussion, and that the 
more difficult problems of the technical side of the 
profession are being so well elucidated by our ** prac- 
tical theorists" that it is possible for all of us to 
enjoy a concrete appreciation of electrical science 
without an excessive expenditure of mental energy 
on the theoretical. We are coming to a time when 
exact methods will be the universal rule and when 
the reputation of having a high "guessing factor" 
will no longer be a sufficient recommendation. These 
influences are noticeable in the improved electrical 
intelligence of our workmen, as well as of our station 
engineers, and I find that it extends even to the gen- 
eral public. Indeed, a careful record of the number 
of times that 1 am asked, ** How does the little 
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trolley wheel push the car along?" shows a yearly 
decrease of nearly fifty per cent. So we see that 
matters adjudged to be of slight importance a few 
years ago arc being allotted their normal position. 
A fault is a fault at the present day, and is not 
often disregarded as **too small to be appreciable/* 
The old saying that ** if you take care of the pennies, 
the dollars will take care of themselves*' applies just 
as well to electrical engineering as it does to other 
professions, and it is the pennies that I am about to 
deal with. 

Our principal manufacturing companies freely 
advertise and guarantee the specific economic per- 
formance of which each and every one of the trans- 
formers that they place upon the market is capable. 
They severally advertise to supply us with transform- 
ers equaling in efficiency, regulation (and what not), 
any other transformer that can be found upon the 
market. The manufacturing companies are unanimous 
in their guarantee of high efficiency, low core losses, 
negligible aging and close regulation. If we can 
purchase transformers freely on these representations, 
with sufficient guarantee that the specifications adver- 
tised are strictly conformed to or improved upon, 
there is little to be desired on the part of the pur- 
chaser over and above what is offered. Any slight 
improvement that it shall be possible to make upon 
the best of the performances advertised by the com- 
peting factories will be forthcoming in consequence 
of the rivalries of trade, and the purchaser need only 
seek now for means of protecting himself against 
occasional faulty manufacture. 

When, therefore, we consider the perfection to 
which this type of apparatus has been brought, in its 
every detail, and in sizes varying in capacity from a 
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fraction of one to over eight hundred kilowatts, we 
have cause for congratulation. If you have followed 
the design and manufacture of the commercial trans- 
former, I think you will admit that at the present 
time the best of them are figured just about as close 
as is possible ; and, in fact, we have almost reached 
the point beyond which any further advance in the 
direction of improved efficiency must be made by 
getting better insulating materials, requiring less space 
and giving this space to the iron and copper. 

With a view to investigating the present status of 
the transformer and the ability of transformer manu- 
facturers to meet in all cases the exacting specifi- 
cations which they have laid down for themselves, I 
have had a number of transformers of recent design 
tested in the Purdue laboratories within the last year. 
The results of these tests are especially gratifying 
when gauged from the standpoint of our present 
commercial requirements, and to the specialist a 
detailed statement of the results would be interesting. 
In view of the fact, however, that the electrical 
literature of the day contains numerous matter of 
this kind, I will not bore you with many figures, 
but will rather discuss the results in a general way. 

With but one exception the transformers tested 
have surpassed the requirements of the specifications 
laid down by Professor Jackson in his excellent 
article on transformer testing, with which we are all 
familiar, and, generally speaking, they have conformed 
fairly closely to the published guarantees of the 
companies submitting the transformers for test. To 
what extent this is true may be better appreciated 
if I cite one or two examples. 

A 2.5-kilowatt transformer was submitted for test, 
which was guaranteed to conform to or improve 
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upon the following specifications : Core loss, forty- 
eight watts ; regulation, 2. i per cent, and full load 
efficiency, 96.1 per cent. The test of this transformer 
gave, core loss, 42.19 watts; regulation, 1.9 per cent; 
full load efficiency, 96 2 per cent. The showing made 
by this transformer is good. The core loss is 5.81 
watts less than the stipulated value, and the efficiencies 
are in excess of the stipulated values. In this case 
the manufacturers more than substantiated their guar- 
antee, and supplied a transformer that is a greater 
revenue producer than the specifications call for. If 
the core iron of this transformer can be relied upon 
as not materially increasing in its hysteretic loss with 
age, it is an easy matter to figure the money value 
of the excess economy that the transformer develops. 
Suppose, for instance, a contract should be made 
for forty of these transformers at $30 each, to meet 
an increase in a station load of 100 kilowatts. On 
an all-day schedule these transformers would probably 
carry a commercial load equivalent to full load 
working for five hours. This assumption may seem 
to represent a better condition of. service than is 
usually met with in practice, but it is an assumption 
that is fair to the manufacturer in considering the 
all-day efficiency. The transformers would therefore 
be working under no load for 6,935 hours and under 
full load for 1,825 hours per year, and under the 
conditions of the test would save 1,794 kilowatt- 
hours to the station. If we figure tlie cost of pro- 
ducing this power at two cents per kilowatt-hour, 
the saving per year would be $35.88 for the forty 
transformers, or practically three per cent on the 
amount invested in the transformers. If this power 
were sold for six cents per kilowatt-hour, it would 
represent a net gain to the purchaser of $107.64 per 
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year more than he had any right to expect under the 
contract specifications. 

Another 2.5-kilo\vatt transformer submitted for 
test is advertised by the makers to show a core loss 
of fifty-seven watts, a quarter-load efficiency of ninety- 
one per cent, a full-load efficiency of ninety-six per 
cent, a regulation of two per cent, and a no-load 
current of one-tenth of an ampere. Under test it was 
found to have a core loss of 63.6 watts, a quarter-load 
efficiency of ninety per cent, a full-load efficiency of 
94.8, a regulation of three per cent, and a no-load 
current of .087. 

Suppose we estimate the economy of transformers 
of this type just as we did those of the type previously 
considered. The forty transformers, working on the 
same schedule, would waste 4,014 kilowatt-hours more 
power than they should under the specifications adver- 
tised. At two cents per kilowatt-hour, the total 
money loss would be $80 per year, or over 6.5 per 
cent of the cost price of $1,200. 

Many engineers may claim that the cost of check- 
ing up the performance of the transformers would 
more than eat up the saving effected by the small 
margin that these results represent, and in many cases 
under the present organization this would doubtless 
be true; but if a well-advised stand were to be taken 
by the central-station managers for mutual protection, 
the result would be markedly beneficial. A percentage 
of the transformer output of each of the manufactur- 
ing firms could, for instance, be tested in some one 
place, where a record of the individual performance of 
all the transformers submitted for trial could be kept, 
and not only efficiency, but aging and insulation and 
temperature trials could be made at a merely nominal 
expense. 
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But these examples do not cover the ground. 
I will cite two others. 

In the case of a fifteen-kilowatt, oil-insulated trans- 
former, guaranteed to develop a quarter-load efficiency 
of ninety-six per cent, a full-load efficiency of 97.4 
per cent, and to have a regulation of 1.77 per cent, 
the test showed a quarter-load efficiency of 94.5 per 
cent, a full-load efficiency of 96.1 per cent and a 
regulation of 1.6 per cent. The core loss of this 
transformer, which operates at sixty cycles, is 186.6 
watts, and the specifications under which it was built 
require that the core loss should be about 150 watts. 
It would take seven of these to give an output of 
100 kilowatts, and they would cost not less than $115 
each. The seven transformers in this case would 
waste 3,855 kilowatt-hours in a year, which represents 
a financial loss of $77 in one year, over and above 
the loss to be expected. This approximates ten per 
cent of the original cost of the transformers, and is 
an item that cannot be neglected. If, on the other 
hand, this waste power could be sold at six cents per 
kilowatt-hour, it would represent a part of the just 
return on the investment contemplated when the 
transformers were purchased, and would mean $221 
to the company. I do not claim that the figures 
which I present to you cover all the items of expense 
that enter into the installation of 100 kilowatts in 
transformers. They do not ; but they do represent a 
phase of the question that deserves more than passing 
attention at a time when competition is becoming 
sharper and sharper. 

In what I have thus far said I have not touched 
upon the matter of the aging of the transformer 
core-iron. In cases where it is appreciable it only 
serves to aggravate the conditions and make the per- 
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centage loss greater. In the same way, the cost of 
production and the selling price of the power both 
enter as important factors, as well as the cost of the 
transformers. All of these assumptions I have placed 
low, and they should be regarded rather as pertinent 
examples of the conditions that exist in large plants. 
The small plants will be affected by inflflences of 
this character to a much greater extent. 

I do not wish to tire you with figures, but, as I 
believe you will be interested in these comparisons of 
guaranteed and actual efficiencies, I wish to call your 
attention to one case more before leaving this matter. 
Not long ago a manufacturing company requested 
permission to send a one-kilowatt transformer to the 
University laboratories for a special test, as the tran- 
former was of a new type and highly efficient. There 
was no direct guarantee in this case, but the impres- 
sion was given that the transformer would develop an 
efficiency equal to, if not exceeding, the efficiency 
of any other transformer of like capacity on the 
market. The results of our tests indicated a core 
loss of 178 watts, a full-load efficiency of 83.6, a quarter- 
load efficiency of 62.4 and an all-day efficiency of 
only 54.5 per cent. There are probably to-day a 
goodly number of these so-called ** highly efficient" 
transformers eating up the profits of various of our 
lighting companies throughout the country, simply for 
the reason that in many cases business managers of 
electric light and power plants are not sufficiently 
alive to the importance of looking after the efficiency 
o( the apparatus forming their equipments just as closely 
as they look after and check up every item of oper- 
ating expense and maintenance that is necessitated by 
the exigencies of the service. 

The use of such transformers as the one just 
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referred to would be pitiable. It is fortunate that 
they do not grow to large proportions, but neverthe- 
less they have a telling effect wherever they fall. 

As regards the aging of the modern transformer 
irons, I hold rather a conservative opinion at the 
present time. A great deal has undoubtedly been 
accomplished within the last few years in the way of 
improvement in this respect, and the modern trans- 
formers that are supplied to us for testing show a 
wonderful gain in efficiency, due both to the lower 
initial core losses and to the diminished per cent of 
increase of these core losses with the aging of the 
iron. The general opinion seems to prevail at present 
to the effect that aging is due directly to the reversal 
of the direction of the flow of the magnetic flux in, 
rather than to long:Continued heating of, the iron 
forming the cores of transformers, and this opinion is 
also expressed in much of the printed matter that has 
come into my hands. 

In a recent lecture delivered by Professor Fleming, 
he said : *' It was also discovered, some time back, by 
Mr. W. Mordey, that prolonged slow heating of iron 
to only sixty degrees centigrade or ninety degrees 
centigrade has a marked effect on the hysteretic con- 
stant, and the result is often to increase this constant 
two or three times. The effect varies with the anneal- 
ing of the iron, and in many cases the iron which 
shows the least hysteretic constant at starting, experi- 
ences the largest percentage increase of it on pro- 
longed heating. This effect is called the magnetic 
aging of the iron. Owing to the enormous use of 
iron for transformer purposes, this aging has now 
become a very important matter. 

**The electrician lays no very great stress on the 
mechanical qualities, such as tensile strength, elasticity 
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and so on, but he requires high permeability, small 
hysteretic constant and small aging ; and the iron 
and steel manufacturer has been able of late years to 
meet these new requests by producing steel of the 
necessary quality. Iron and steel can now be pro- 
duced with a maximum permeability of 4,000 C. G. S. 
units, a hysteretic loss of about .15 of a watt per 
pouad per 100 cycles per 2,500 flux density, and of 
non-aging quality. I do not mean to imply that all 
these qualities can be equally combined in the same 
sample, but that the iron or steel can be varied to 
suit the demand. 

** Steel can be produced with a higher permeability 
than wrought iron for large magnetic forces, and with 
a superior non-aging quality." 

The fact seems to be well lestablished that non- 
aging transformer iron is a commercial possibility, 
but the fact remains to be demonstrated practically 
that material of the necessary quality can be obtained 
in sufficiently large quantities to supply the demands 
that are being made upon the manufactories. Failure 
in this regard is not the fault of the builders of the 
transformers, and I have reason to know that there 
are cases in which disquiet prevails in the minds of 
managers as to whether or not they are getting what 
they are paying for. I know that the general claim 
is made that iron with an "inappreciable aging 
effect" is used, and I do not wish to go on record as 
claiming that it is not used ; but what I do wish to 
point out is that there are transformers being placed 
on the market to-day that do not contain non-aging 
iron. From a large transformer company I have 
received notice that **at the present time we have not 
non-aging iron that will fulfill our specifications of 
core loss; that which we have on hand will give a 
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core loss of from twenty per cent to twenty-five per 
cent greater than the amount slated in our speci- 
fications." At the present time, therefore, it is need- 
ful to make just as careful tests for aging as for 
efficiency or for insulation, in spite of the fact that 
the former take a longer time and are therefore rel- 
atively more expensive to make. 

During the last three months six transformers of 
different types have been subjected to most carefully 
conducted aging tests in our laboratories. The com- 
pleted report on these tests has come to me within 
the last few days, and I can give you a rdsum^ of 
the results. 

The core losses of transformers A and B were 
high to begin with, the first being seventy-two watts 
and the latter eighty-three watts. The per-cent increase 
in the core loss of these two transformers does not, 
however, seem to be as great as the per-cent increase 
in the core losses of transformers C and D, which are 
of more recent manufacture, and which showed initial 
core losses of 31.5 and 37 watts, respectively. Trans- 
formers B and D are of 1.5 kilowatts capacity, and 
transformers A and C of 2.5 kilowatts capacity. An 
increase of from five to ten per cent is shown in the 
core losses of all the transformers. 

To get an idea of what this means, suppose we 
consider the effect upon the economy of the 2.5-kilo- 
watt transformers, considered in the second case dis- 
cussed above, of a ten per cent increase in the core 
loss. It will add $1.11 per year to the cost of oper- 
ating each transformer at two cents per kilowatt-hour, 
or $4.44 for the total number. This represents an 
additional gain of 3.7 per cent per year on the invest- 
ment in- three months, or a possible percentage loss 
on the investment of 14.8 per cent after the first year. 
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on the supposition of a uniform increase in the core 
loss. These figures are not startling in any way ; they 
are too small for that ; but they are matters of fact 
to be taken into consideration when making invest- 
ments. The opinions that I am voicing regarding 
the aging of modern transformer irons are conserva- 
tive, as I believe the transformers built to-day will 
show a marked improvement upon the performance 
of transformers built even as late as one year ago. 
So far as the aging tests that we have made go to 
throw light upon the subject, I am inclined to believe 
that the aging problem has not as yet been solved, 
as none of the transformers tested have met the 
requirements of the specifications under which they 
were submitted, and some have fallen very far short 
of it. All of the transformers tested were new except 
transformer A, which, at the time these tests began, 
had a core loss already increased to thirteen per cent 
above its initial value. Transformer A was built about 
two years ago. 

The aging of transformer iron does not increase 
at a constant rate with the time. The rate of increase 
diminishes as the service continues, but the increase 
may go on indefinitely. Until the use of non-aging 
iron becomes more generally possible than at present, 
it is probable that it will pay to replace the majority 
of the transformers placed on the market by new 
ones every few years. 

It is our present intention to inaugurate next fall 
a series of one-year aging tests under continuous 
full-load conditions of a representative number of 
transformers that will be built during the present 
summer by the manufacturing companies that are 
interested in having these points thoroughly venti- 
lated, and I trust to be able to publish a record of 



289 

fine performance in this respect at the time of the 
completion of the tests. 

The correct insulation of transformers is another 
important point that should he considered by the 
central-station manager. Like many of the problems 
with which we have to deal in the effort to make the 
transformer a commercial success, this one seems to 
be subject to a wide variety of opinion. The oil 
insulation of transformers has deservedly come into 
great favor, and where care is taken in the selection 
of the oils used and in the proper design of the 
transformer case, high protection is secured. Oil 
insulation under all circumstances does not, however, 
secure to the purchaser the protection which he feels 
he is paying for. The claims that are usually made 
for the superiority of oil insulation, to wit, that it 
serves to preserve the insulation from oxidization, 
re-inforces the resistance of the insulation to puncture, 
re-insulates punctures after the passage of the dis- 
charge and facilitates the diffusion of the energy 
liberated as heat in the core and the coils, — can in 
general be readily substantiated. 

My experience, however, is that these statements 
must be regarded as having only a relative bearing 
upon the subject. Under certain circumstances the 
insulating value of an oil will be very materially 
impaired. We are told that transformers will last 
indefinitely when insulated with oil, whereas without 
oil the insulation will be so deteriorated after five or 
ten years that the transformers should be replaced ; 
and it may therefore be a matter of surprise that the 
insulating qualities of the oil itself are ever seriously 
diminished. As a matter of fact, experiment shows 
that the insulating properties of the oils commonly 
used in transformers are increased as their tempera- 
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tures are raised up to about 1 10 degrees centigrade, 
and that if allowed to cool they will not lose their 
augmented power of resisting a disruptive discharge. 
As much as this might be said in favor of oil insula- 
tion, in view of this two- or three-fold gain in insu- 
lating power, were it not for the fact that a continued 
heating of the oil for any considerable length of time 
changes the oil to such an extent that on being 
cooled its breakdown value will be only about one- 
fifth of its original value. Therefore, an oil-insulated 
transformer that will stand an insulation test of 
10,000 volts when new, may break down under a 
pressure of 2,000 volts after having been in contin- 
uous service for a considerable time. Conditions such 
as will produce a result of this character are not 
likely to occur in the case of modern transformers, 
as the increase in the temperature of even the poorest 
transformers rarely exceeds seventy degrees centigrade, 
i have, however, met with cases in which excessive 
heating has resulted when the transformers were kept 
continuously in service, and I have also in mind a 
case in which a good modern transformer was so 
situated, above a tin roof and in a position where it 
was protected from any breeze that might be stirring, 
that, when the sun played upon it, its temperature 
reached perfectly distressing values. 

What I have said will serve as a hint of how not 
to handle a transformer, and the importance of 
selecting proper places for the location of transformers. 
If vou will look carefullv into the matter, vou will 
find that not all of the burnouts are due to faulty 
construction on the part of the manufacturer. It is 
my experience that the contractor has been in fauk 
in a fair proportion of the cases in which the 
transformer and service installation has suflfered. 
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For all commercial purposes the best oils will be 
found to give thoroughly satisfactpry results and retain 
their insulating properties unimpaired as long as the 
maximum temperature of the oil does not exceed 
sixty or seventy degrees centigrade. In making a 
station test of a transformer, if the rise in the 
temperature of the windings, as measured by the 
increase of resistance method, does not exceed fifty 
degrees centigrade after a ten hours' run at full load, 
the transformer may be passed as satisfactory in this 
respect. 

In connection with oil insulation it must be 
remembered that its efficiency as an insulating 
medium is impaired by discharges in the oil. One 
of the foremost claims made in behalf of oil insu- 
lation is that it will flow in and fill up a rupture in 
the insulation of the coils. Every electric discharge 
that takes place through the oil, however, disinte- 
grates and breaks up the normal structure of the oil, 
and causes carbon and other conducting compounds 
to form. These will rapidly multiply if the discharges 
are at all frequent, and will destroy the insulating 
properties of the oil. As a case in point, and 1 
presume you may know of other similar instances, I 
want to call your attention to a very good example 
of what good practice versus bad practice will accom- 
plish. 

There is a city in the West in which the con- 
ditions under which electricity is supplied for incan- 
descent lighting are somewhat unusual. There are 
two companies interested in the business, and both 
employ the alternating-current converter system of 
distribution. The plant that is operated by the older 
company was installed about six years ago, and its 
equipment has grown slowly from year to year as 



292 

business expanded. Its development has followed the 
waves of evolution modifying electric-lighting practice 
within this period with a lag factor approximating 
ninety degrees. The plant has some strictly modern 
machinery, but much of the line equipment is old. 
A number of its transformers have been burnt out 
on account of defective insulation, some have been 
burnt out by lightning and some have shown their 
inefficiency by getting so hot when switched in on 
an all-day schedule, under light load, that the *' oil 
used to insulate them boiled up and over, and ran 
down the outsides of the cases." 

It is needless to say that in the latter type of 
transformer the hysteretic losses were considerable ; 
the transformers were, however, manufactured by a 
firm of high commercial standing. 

The lines of the old company are not protected 
by lightning arresters except where they enter the 
station, and the secondaries are not grounded. 

The new company has been in operation two 
years, and its plant is thoroughly up to date and 
highly efficient. Oil-insulated transformers of from 
eighty to 200-light capacity are used, and are kept in 
continuous service. The transformers are of modem 
design and stand an insulation test of 7,000 volts, 
without oil. The lines of the new company run over 
those of the old company, and are protected about 
every 1,500 feet by lightning arresters. None of 
the secondaries of these transformers are, however, 
grounded, and magnetic shields are not used. The 
new company has never experienced any trouble from 
burnouts of any kind, although its lines are very 
much exposed In a very violent electric storm that 
occurred some time since, in which the service of the 
old company suffered in consequ^ce of transformer 
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burnouts, the service of the new company was not 
interfered with in any way, although lightning struck 
its lines several times. 

There has been a great deal of interest expressed 
recently in the eflfort to formulate a definite set of 
specifications covering the construction and insulation 
of transformers, with the end in view of decreasing 
the fire hazard and supplying the necessary protection 
from loss of life and property to both the producer 
and consumer of electrical energy. In a letter that 
I have lately received from a gentleman who is much 
interested in the success of this project, he says that, 
after corresponding with a number of makers, engi- 
neers and lighting companies, to obtain suggestions as 
to the remedies for the troubles arising from crosses, 
lightning, insulation, breakdowns, etc., the results were 
very unsatisfactory, as there seemed to be a vast dif- 
ference of opinion. 

I have read a great many articles for and against 
the use of earthing devices, grounded shields and 
grounded secondaries, but I am yet to be convinced 
that the prominent American practice of high-insula- 
tion resistance to a disruptive discharge and a plentiful 
use ot well-grounded short air-gap lightning arresters, 
does not give a sufficiently good protection. As I 
have already remarked, the number of modern trans- 
formers that are reported as burning out is relatively 
very small. By far the greater 'portion of the troubles 
arise from crosses between the high- and the low- 
potential circuits, and in such cases the loss must be 
attributed to faulty installation and not to any imper- 
fection in the transformer. 

An oil-insulated transformer for use on 2,500-volt 
primary circuits, or less, having a maximum tem- 
perature at full load not exceeding sixty-five degrees 
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centigrade and designed to stand an insulation test 
without oil of 7,500 volts for five minutes, and a 
prolonged test of 10,000 volts with oil, will he in 
slight danger from lightning discharges if protected 
within a distance of 500 feet hy a properly installed 
lightning arrester. 

A transformer should also be able to stand a double 
primary potential test for five minutes, and the insu- 
lation test should be made between the coils and 
between each coil and the core. 

In the case of transformers to be used exclusively 
on very high-voltage circuits, these considerations do 
not apply ; nor should this paper be considered as 
dealing with this class of alternating apparatus, which 
has come to form a department by itself. 

In considering the economy of transformers, the 
problem before us is not so much a discussion of 
their efficiency as converters of electrical energy, as it 
is a discussion of this efficiency in connection with the 
numerous extraneous causes that tend to make the 
transformer a menace to life and property. 

To my mind, a great deal would be gained if an 
understanding could be brought about between the 
makers and purchasers of transformers that would 
result in a uniform practice in the several departments 
of transformer design. The manufacturers would work 
to better advantage by^ having definite specifications to 
work to, and the way would be open for a bonus or 
forfeit in equitable proportion to an excess of or 
shortage in the economy of the product. The fad at 
present tends toward over-protection. It is bad prac- 
tice to run to extremes in any department of engi- 
neering, and too much protection may turn out to be 
just as costly as too little. 

The President: Gentlemen, you have heard this 
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very interesting paper, and it is before you for discus- 
sion. I beg, however, at this time to announce the 
committee to nominate officers and members of the 
executive committee for the ensuing year. I will 
appoint as a nominating committee the following 
gentlemen : A. M. Robertson, Minneapolis, Minne- 
sota; James R. Dee, Houghton, Michigan; James I. 
Ayer, Boston, Massachussets. 



DISCUSSION 

The President : We will now discuss the paper 
on transformer economy. 

Mr. Layman : There has been a great deal of 
criticism of the transformer, but the reason for that 
cannot be traced directly to the manufacturer. The 
manufacturer has developed the transformer, to a large 
extent, without aid from the central-station man. The 
central-station man has not until recently made tests 
of the transformer. He has accepted it as a switch- 
ing device, or its equivalent, and has not endeavored 
to protect himself by securing the best apparatus. 
But of late the competition between manufacturers 
has developed the fact that there is a great deal of 
difference in transformers, and, now that the subject 
is being very actively discussed, I think that the 
central-station man should make a special object of 
going into it deeply, and thereby assisting the manu- 
facturer in developing the apparatus to its highest 
point. 

The transformer can be a good piece of apparatus, 
or it can be a poor one. It can be built to conform 
to definite specifications ; and, as representative of a 
manufacturer, I would say that the modern manufac- 
turer would be pleased to have a uniform set of 
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specifications by which to design the apparatus. 
There are various standards for comparing trans- 
formers ; there are various bases for all-day efficiencies; 
various tests for heating effect; various insulation tests, 
and many variations of tests that make it impossible 
for the manufacturer, as well as for the central-station 
man in general, to know just what is required of the 
transformer. I should like to have the discussion 
taken up along some of these lines, and if any points 
of interest arise that can be answered bv the manu- 
facturer, I shall be glad to go into the discussion 
later. 

Mr. Thayer: In the manufacture of transformers 
and in the specifications sent out as to the perform- 
ance of transformers, I have never seen any differ- 
ence made in transformers < suitable for operating 
lamps at different hours in the day. We have now 
in the country a class of central stations that operate 
six hours a day ; there is another class that operate 
twelve hours ; and there is still another class, which 
is the growing class, that operate twenty-four hours. 
It is evident that it would be wise in the six-hour 
plant to increase the iron losses at the expense of 
regulation, but I have never as yet seen any trans- 
former manufacturer that makes any distinction in 
the transformers for these different classes of stations ; 
at least, it does not appear in their published cata- 
logues or reports. He may have different types of 
transformers that will conform to these various uses, 
but it seems to me to be a point that has never 
excited the interest of the transformer man, and, in 
fact, the owners of the short-hour stations usually 
look at the first cost of the transformer as the most 
important matter connected with it. 

There is another thing, and that is the protection 
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of the transformer from lightning. In a paper read 
some time ago by Mr. Wurts, of the Westinghouse 
company, he likened the condition of affairs on elec- 
trical lines when the lightning strikes the circuit to 
that of the ripples of water in a tub when a stone 
has been thrown into it. It means that the highest 
rise of potential is not necessarily near the point at 
which the stroke takes place. It may run off half a 
mile or a mile before the conditions are just right 
for a piling up of the potential to extreme high 
limits. That would seem to indicate that it would 
not be the best practice possible to place trans- 
formers along the line at convenient intervals, but, 
rather, to place them at the points where the light- 
ning is more likely to strike. In the case of my 
own plant, I have never, thus far, lost a modern 
transformer by lightning. Our losses have invariably 
been on the older types of transformers, and the 
discharge has in many cases entered the line, and not 
only passed several lightning arresters, but has gone 
to the end of some branch of the line and there 
burned out some of the old-type transformers, so in 
that case the near-by lightning arresters did not 
protect, although they were in good repair, with an 
excellent ground. 

Mr. Fakes: I would inquire if the lightning would 
not be just as powerful running on the secondary as 
running on the primary, and, therefore, the transformer 
acting as a booster? I have known of instances of 
that kind, and it simply tore four or five transformers 
all to pieces. 

Mr. Wurts : The subject of lightning arresters 
being up for consideration, I should be glad to say a 
few words. I do not recall the paper referred to by 
Mr. Thayer, in which he says I have compared the 
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surging of static discharges to the rippling of water. 
I have frequently likened the surging of static discharges 
in overhead wires to the surging of water in a trough. 
This illustration is, I believe, original with Professor 
Lodge, and shows in a very graphic way what actually 
happens in a wire. The theory of surging static charges 
in a wire is attractive and interesting ; there are, never- 
theless, many of our central-station men that question 
whether there really is any such thing as a surging 
of the static charge. It is very true that too much 
importance should not be attached to theories, but in this 
case the theory has been adopted since the facts have 
been developed, and a large number of important facts 
have been developed which clearly point to the correct- 
ness of the theory. In the present instance, the theory, 
as well as the mechanical analogue referred to, serve 
as a happy and convenient means for showing central- 
station men just what happens in their wires during 
thunder-storms. I think all of us will admit that these 
discharges occur at one point or another regardless of 
any law with which we are familiar. I have personally 
conducted a great many experiments to accumulate 
data on this particular point. For instance, I have 
connected non-arcing lightning arresters at frequent 
intervals over an aerial line, and in series with each 
lightning arrester have placed a small piece of tissue 
paper, which, being punctured, gave a register of the 
discharge. These papers were collected after each storm, 
and a record was kept of the points from which the 
discharges occurred ; but I have not, as yet, discovered 
that these discharges follow any law whatever ; nor 
would it be consistent with the theory that has been 
developed that they should follow any law, for the 
points at which discharges occur are dependent upon 
conditions that must necessarily change with every 
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lightning flash. In one instance I connected a single 
lightning arrester to three lead wires running to three 
different points on the main line In each of the three 
lead wires I placed a small spark gap containing a slip 
of paper. After the thunder-storms the papers were 
examined and usually all three were found punctured, 
thereby showing that the path selected by the discharge 
was not the ** shortest and easiest path to earth," but 
one that was dependent upon external conditions. 

The name ** short gap " is somewhat modern, and 
has been applied to a lightning arrester that has for its 
path between line and ground a so-called '* low resist- 
ance " in series with a single-spark gap. The natural 
inference would be that the lightning arrester having 
one air gap is a short-gap lightning arrester in com- 
parison with a lightning arrester that has three gaps 
between line and ground. When the general require- 
ments for installing lightning arresters are such as to 
call for nothing smaller than a number six copper 
wire between line and ground, soldered joints and a 
good ground connection, it seems very strange that 
one should deliberately insert in the lightning arrester 
itself a resistance that is not a comparatively low 
resistance, but an enormous resistance compared with 
the rest of the connections. 

Furthermore, I will ask a question and will endeavor 
to answer it myself ; it is this : How shall we 
measure the resistance of a lightning arrester? By 
what unit shall the resistance of a lightning arrester 
be measured ? What kind of a scale shall we refer 
to in calling one a low-resistance lightning arrester and 
another a high-resistance lightning arrester? I have 
frequently seen the statement that a lightning arrester 
should break down with a low electromotive force, 
and that the lightning arrester that breaks down with 
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the lowest electromotive force is the one that will be 
the most eflfective in service. I take exception to 
any such statements as these. A lightning arrester, 
as a path for lightning discharges, has nothing whatever 
to do with dynamo current or dynamo electromotive 
force. Take, for example, the short-gap lightning 
arrester referred to, which consists of a resistance of 
sixty ohms connected in series with a single spark 
gap. The dynamo electromotive force that will start 
an arc, that is, that will break down the spark gap. 
is exactly the same as if there were a thousand or a 
million ohms connected in series with the spark gap. 
If, then, the breaking-down electromotive force is a 
proper test to apply to a lightning arrester, it would 
follow that an ohmic resistance, no matter how high, 
connected in series with a spark gap would not alter 
the effectiveness of the lightning arrester in performing 
its proper functions during thunder storms, which sup- 
position is manifestly absurd. It follows, therefore, 
that the breaking-down electromotive force of a light- 
ning arrester has nothing whatever to do with deter- 
mining the eflfectiveness of any such device as a path 
for disruptive discharges. It seems to me that the 
only fair way to measure the resistance of a lightning 
arrester is to measure in some way the resistance that 
a given lightning arrester may offer to the passage of 
disruptive discharges; for the function of the lightning 
arrester is to offer a path of low resistance to the 
passage of such discharges. 

How may the resistance that a lightning arrester 
offers to the passage of disruptive discharges be 
measured? The method that I have ^ adopted, and 
which seems to me entirely satisfactory, is to connect 
in shunt to the lightning arrester a variable spark gap, 
and then, while disruptive discharges are passing 
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through these two parallel paths, one of them being 
the lightning arrester and the other the variable spark 
gap, the latter is adjusted until the disruptive discharge 
shall pass indifferently through the arrester or through 
the shunt gap. When this condition is reached, the 
two paths may be said to be balanced, and one is a 
measure of the other. The length of the shunt gap 
is a measure of the resistance which that particular 
lightning arrester offers to the passage of disruptive 
discharges. If a second lightning arrester be sub- 
stituted for the first and the above measurements 
repeated, the resulting shunt gap will again be a 
measure of the resistance offered by the second light- 
ning arrester to the passage of disruptiv'^e discharges. 

In making comparative measurements of the above 
kind between the lightning arrester referred to as 
having a spark gap and a resistance in series with the 
spark gap and that of the lightning arrester having 
three gaps in series, I have found that the former 
arrester has just three times the resistance offered by 
the latter to the passage of disruptive discharges ; 
and these measurements were further verified by find- 
ing that when three of the latter arresters connected 
in series were further connected in shunt to a single 
short-gap lightning arrester, the balance was established ; 
thereby proving in a somewhat different way that the 
resistance of a single short-gap lightning arrester was 
three times that of the arrester having three gaps in 
series. 

The question now arises as to why the resistances 
are as I have shown them to be. I have made a 
great many measurements to determine this, and am 
satisfied that the reason is due to the presence of the 
ohmic resistance in the short-gap lightning arrester. 
The path of the lightning arrester that has three gaps 
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without ohmic resistance, I should describe as a 
*' free-path " lightning arrester ; whereas a lightning 
arrester having ohmic resistance in series with the 
spark gap I should describe as a ** restricted path" 
lightning arrester ; and in describing the difference 
between these two paths, it must be accepted that 
the disruptive discharges are oscillatory in character. 
Bearing this in mind, then, I should liken the passage 
of the discharge through the free-path arrester as 
something similar to the passage back and forth of a 
bullet through a pane of glass. The glass being once 
broken by the first passage of the bullet, the passage 
is free for further oscillation. The passage of an 
oscillatory discharge through a restrictive path, I 
should liken to the passage to and fro of a com- 
paratively large body of water through a very small 
hole ; nothing is broken, the hole is not enlarged, 
therefore the resistance that it offers is present for 
each to-and-fro motion of the water. 

Mr. Wagner : I should like to take this oppor- 
tunity to endeavor to correct an assumption that for 
several years has been made in considering the 
average load on transformers, and especially the 
so-called all-day efficiency of transformers. The 
assumption made by Professor Goldsborough, which 
has been made by many other writers on transform- 
ers, of five hours' average load in the twenty-four, is 
never realized in practice ; I mean average practice. 
The electric-light stations having the largest station 
load rarely exceed twenty per cent of this maximum 
all the year round. The maximum station load rarely 
exceeds fifty per cent of the connected lamp load. 
With the use of transformers for house-to-house dis- 
tribution it is necessary to have the transformer 
capacity practically equal to the number of lamps 
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connected. Therefore, with the maximum station out- 
put the transformers will be loaded only one-half of 
their rated capacity ; and if the average station ouput^ 
is twenty per cent of the maximum, you will have an 
average load on the transformers of twenty per cent 
of fifty per cent, or only ten per cent of their rated 
capacity. Applying that to obtaining the equivalent 
number of hours thdt the transformer should be oper- 
ated at full load to show the same efficiency, we find 
that it would be ten per cent of twenty-four hours oper- 
ated at full load, or 2.4 hours, in place of five hours. 
This average load would somewhat affect Professor 
Goldsborough*s figures, and while it would show in 
general that transformers have a lower average effi- 
ciency, it would show more strikingly that the modern 
transformers are greatly improved over the old trans- 
formers. 

I would also say that in estimating the cost of 
the transformer load to the central station, it would 
seem more fair to take simply the cost of coal per 
kilowatt-hour into consideration, as an increased loss 
in the transformers would not increase any of the 
labor items or any of the fixed charges in connection 
with station operation ; but as it only increases the 
coal consumption, that vv^ould be the proper figure to 
consider when calculating the CDSt of these losses to 
the central station. The average cost per kilowatt- 
hour for coal has been shown by statistics to be 
somewhere around three-fourths of one cent per kilo- 
watt-hour in some few stations, and it is often over 
one cent ; but the average seems to be about three- 
fourths of a cent, and that might be a fairer figure to 
consider in the cost of these losses than the figure of 
two cents per kilowatt-hour, which Professor Golds- 
borough has assumed. 
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Mr. Davis: What is considered to be the present 
rate of depreciation of the most modern type of con- 
verter? How often must a transformer be renewed? 

Mr. Wagner: That is a pretty hard question to 
answer, as it depends so much on the conditions of 
operation and on the locality. In a great many, per- 
haps the majority, of alternating-current stations at 
present in operation in this country, the old trans- 
formers first purchased with the original installations 
are still working. The first stations were installed in 
the early part of 1887, and some in the latter part of 
1886. A large proportion of those transformers are 
still in operation, showing that their life has not ended. 
A great many, however, have been destroyed by light- 
ning and by the causes to which Professor Golds- 
borough has called our attention, and the number of 
transformers destroyed by lightning may in many 
cases be a large percentage of the transformers 
installed during the last ten years. It depends on 
the conditions of the lines and the methods of pro- 
tection of the lines, so that there is no reliable basis 
for estimating the life of transformers. It must be 
understood that the transformers made to-day will 
have a much longer life than the transformers made 
ten years ago when the industry was in its infancy, — 
the alternating-current industry — so that is a ven^ 
difficult question to answer. The depreciation of a 
modem transformer would not be greater than ten 
per cent ; I imagine it would be less than that ; at 
least, not so great as the depreciation of the gener- 
ating apparatus, which is usually taken at about ten 
per cent, 

Mr, Matlack : Our experience with the lightning 
arrester has been that we receive at least as many dis- 
charges on motors comparatively isolated on top floors 
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of buildings, where there is no possibility of discharg- 
ing to the ground, as we do on motors in the base- 
ment. The discharge is between the wires, and not 
necessarily to the ground. Most of our trouble has 
been with machines perfectly insulated from the ground. 
There are no indications of discharge to the ground. 

Mr. Walbank : I should like to ask the relative 
life of the transformers cooled by oil and cooled by 
an air blast. 

Professor Goldsborough : I am not entirely pre- 
pared to answer the question and give definite infor- 
mation. Where good oil is used, the advantage is 
largely in favor of oil-insulated transformers. There 
is an opportunity for the unoiled transformer to dete- 
riorate with a rapidity that is far in excess of the rate 
of deterioration of a transformer insulated with good 
oil ; but if the oil contains impurities, if it is of low 
quality and will not stand a high insulation test, it 
may happen that the oil will be more detrimental than 
beneficial. There are many things that enter into this 
problem, and 1 should say that it should be a matter 
of standard rating by test ; we could then compare 
transformers made by different companies. 

A question has been asked regarding the time of 
scrapping. It is hard to define a limit. I make no 
effort to make matters appear worse in my paper than 
they are ; I simply wish to give you a fair statement 
of things as they exist to-day, an idea of what you 
are likely to meet with, and not a discussion of a 
condition that existed last year or the year before. 
We have had transformers in our laboratory in which 
the core losses ran up so fast with use that the trans- 
formers would better have been thrown away before 
being installed. This is no longer the case, and we 
are getting better transformers. We have had mod- 
21 
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em transformers in which the iron loss has increased 
twenty per cent in a year. Should we scrap such a 
transformer at the end of the year? It depends on 
what power is worth, and it is a matter of dollars 
and cents that should be figured by each central- 
station manager with regard to his own plant. If it 
costs one cent per kilowatt-hour to develop power 
and it is sold cheaply, the aging loss is not so impor- 
tant ; if the power is expensive ^nd you are selling it 
at a high rate, then the amount of power that you 
can sell is of moment. If you have a transformer 
with high core losses, it is simply using so much of 
the available energy of your station, and you have so 
much less to sell. You must look at it from the 
standpoint of the amount of coal that it represents, 
and also from the standpoint of the amount of reduc- 
tion it introduces into the total available output of 
the plant, and the total income of the plant. It should 
be made a matter of very careful study. You will 
hardly find two plants in which the conditions will be 
the same. 

As regards the transformers manufactured to-day, 
I should say that, in general, with the transformers 
on the market the aging loss for a year will not be 
over ten per cent, and in many cases not so much 
as that. I am rather inclined to doubt the claim 
that it ** will be less than one or two per cent." I 
have not had the pleasure of making tests on trans- 
formers with so low a rate of aging. 

Mr. Huntley : In the operation of these tests, 
have you discovered any tendency of the transformers 
to separate the oil ? 

Professor Goldsborough : Carbonization of oil 
takes place wherever a disruptive discharge occurs. 
It is possible that there is a tendency for a separation 
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to take place in the oil in case it contains any 
appreciable amount of moisture ; that is, if you place 
oil under heavy electrostatic stress, any moisture or 
foreign matter in the oil may serve to oxidize some 
of the molecules of the oil. This introduces a con- 
ducting matter at a weak point. The consequence of 
this is that it will act to start a disturbance in your 
transformer. If there is a weak point in the insu- 
lation or material of any kind, a strain tends to 
aggravate that weak point. I have not had an 
opportunity of testing under very high voltages, so 
that I am not prepared to make any decided state- 
ment covering this point. My experience has been 
that carbonization of the oil occurs for every dis- 
charge that takes place, and there is probably a 
certain amount of it that occurs before the discharge 
takes place. 

Mr. Huntley : You rather favor an air-cooling 
transformer, then, than an oil-cooling transformer ? 

Professor Goldsborough : You mean the insula- 
tion of the transformer by forcing through it large 
quantities of dry air? 

Mr. Huntley : Yes, sir. 

Professor Goldsborough : I believe that perfectly 
dry pure air is as good an insulator as we can find, 
and the next best thing is high-grade oil, free from 
injurious matter. 

Mr. Wagner: A company operating several plants 
in the West, and having a great deal of experience 
with high voltages — that is the Telluride Transmission 
Company — has used oil altogether for the insulation 
of its transformers. It made an extended experiment 
on this line. I think Mr. Layman has some infor- 
mation about the results obtained by this company 
with oil and the effects of carbonization. There is 
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one other question that is of considerable importance 
in the use of oil, and that is that it absorbs moisture. 
If you let it stand for a considerable time exposed to 
moist air or air at the ordinary temperature, and the 
transformers are operated at mtervals only, and not 
kept continually in circuit so that the oil is kept at 
a fairly high temperature, the oil will absorb a small 
amount of moisture, and it is likely^ to give some 
trouble from this cause. In many cases where trans- 
formers have been used for intermittent service, it has 
been found necessary at frequent intervals, according 
to the frequency with which the transformers go out 
of service, to draw off the oil and heat it to a high 
temperature, say 300 degrees, in order to expel the 
moisture, or replace it with other oil. So far as 
the carbonization of the oil is concerned, Mr. Layman 
can give you some definite information about that. 
Mr. Walbank asked the question : Which is the best 
means of cooling transformers — an air blast or oil? 
As Professor Goldsborough has said, dry air is as 
good an insulator as can be found ; but air blown 
through the interstices of coils of transformers by 
blowers, as attempted in many cases, is likely to con- 
tain much dust, and that dust accumulates in the 
transformers as it is drawn in by the currents of air, 
and must be deposited when the velocity of the air 
decreases, I should imagine that the dust would in 
time seriously affect the insulation, in the way of 
bridging across the air gaps that are provided to 
prevent the high potential from jumping across. 

Mr. Layman: Reference has been made to the 
Telluride Transmission Company. I have no specific 
data on their oil, and can only repeat statements made 
to me by their engineers. They make it a practice, 
as we do with all our oil, of carefully placing it in 
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condition for service. This oil, as received, may not 
be in condition for safe use. They carefully elim- 
inate all particles of dust, or anything of that 
character, and also eliminate all moisture. They find, 
as we do, that there is a very slow but gradual im- 
provement in the quality of the oil with heating. So 
far as the carbonization of the oil is concerned, there 
is no carbonization. In transformers that I have been 
watching for two years, I made tests upon the oil 
when it was placed in the transformer cases and have 
also made numerous tests since. The oil when intro- 
duced into the transformers would stand a puncture 
pressure between points of 8,000 volts for a space of 
one-eighth inch. At the end of three months, I very 
carefully took samples of the same oil from the bottom 
of the cases (the general impression being that if there 
is any moisture in the oil, or any heavy impurity, it 
will go to the bottom), and found that I could not, 
with 10,000 volts, break down that oil with a space 
between the points of one-thirty-second of an inch. 
We also made a chemical analysis, and our chemist 
found no trace of carbonization. There had been 
some change in color, but, so far as he could deter- 
mine, there had been nothing to lower its value for 
insulating purposes. I will say, however, that these 
cases are carefully closed so as to exclude dirt, and 
that there is no opportunity for moisture to settle in 
them, because the transformers are continually in 
service for twenty-four hours per day, and a large part 
of the time heavily loaded, so that the oil is not 
allowed to cool. In fact, these transformers were 
designed with a water jacket, to take care of excessive 
runs at full loads, and, by means of indicating ther- 
mometers, they regulate the flow of the water. They 
operate continuously at practically 200 degrees, so 
that if there had been any carbonization takmg place 
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at that temperature, it would have manifested itself 
in two years' time. I have tests on oil of another 
installation that has been running a year and a half, 
and the same character of results was secured there. 

The fact of the matter is that if a transformer 
under ordinary conditions is allowed some ventilating 
space above the oil, and no dirt gets in, the oil will 
improve in quality until there is a complete elimi- 
nation of moisture. I think I agree with Professor 
Goldsborough in his statement that there cannot be 
too much care shown in the selection of oil. The 
purchaser of the transformer has not the facilities for 
protecting himself in selecting oil, and therefore it is 
the practice of the company that I represent not to 
allow oil that we do not furnish to be used in our 
transformers ; not because the purchaser cannot pro- 
cure the oil we use, but for the reason that he 
cannot protect himself as to the quality in the 
manner in which we can protect him. 

I was asked by Professor Goldsborough last night 
if I thought it advisable for a central-station man to 
test his own transformers ? He said it had been his 
experience in his laboratory that his students, who 
received instruction in the process of making tests 
and knew the instruments used, could not make 
reliable tests except under his immediate direction, 
and that he could not place any dependence on 
results except when he saw the tests made. 

The position I take is that the preliminary tests 
of a central-station man would not be satisfactory; 
but any central station that has the proper instru- 
ments can, after a few trials, quickly make all the 
tests necessary to indicate to his complete satisfaction 
what the transformer will do and what is its relative 
merit. I think that since this association is given to 



the education of its members, as well as their social 
profit, one direction in which it might lend a great 
deal of assistance would be, not only formulating 
careful specifications for transformers, but also in 
formulating tests for transformers, and in issuing 
these tests in such shape that they could be taken 
hold of by any central-station man and used satis- 
factorily by him. 

Mr. Huntley : Do you regard the use of oil as 
at all dangerous in the event of a burnout in your 
transformer ? 

Mr. Layman : The characteristics of the oil have 
much to do with that. There are a number of grades 
of oil used, in which the fire test of some is as low 
as 300 degrees and of others 500 degrees. l^he 
danger from fire with the transformer case filled with 
oil is very slight. 

Professor Goldsborough : I do not think you 
will often run across instances in which fire has 
resulted from the use of oil. It is a fact, however, 
that this may occur, and will occur, under certain 
conditions. There was a case that came under my 
observation some time ago. It was the case of an 
old transformer that had not originally been insulated 
with oil, but which, in the effort to improve it, had 
been filled with oil. The iron loss of the transformer 
was so high at full load that a great deal of heat was 
generated, which caused the oil to expand and run 
over the case. In making some changes and trying 
to improve the condition of the transformer in one 
way or another, the attendants left the top off the 
transformer case, and when the oil cooled down the 
level of the oil fell below the windings. When the 
transformer was cut in again a short circuit occurred 
between the primary and secondary windings, as there 
was a weak place in the insulation and the flash set 
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that has come to my attention. 

Mr. Layman: There was recently reported in the 
Engineering News, which is generally very reliable in 
the news that it prints, the fact that a transformer in 
process of construction by the company I represent 
had exploded and set fire to the oil and also to the 
factory. 

The fact is that an entirely different situation 
existed. The transformer had been given a thorough 
test for load, and was being given a final insulation 
test. In making this test we followed our usual 
practice of gradually increasing the primary voltage 
above the normal. We were doing this as a final 
test, and there developed in the apparatus a defect in 
insulation and a strong arc resulted underneath the 
oil. The test was repeated a number of times, to 
locate the point of breakdown, while the oil was in 
the transformer. Then the oil was drawn off, and 
we began with a low pressure, endeavoring to pro- 
duce the same jump without the oil, so that we could 
see its location. Finally, at a given pressure, a blaze 
resulted, and we located the point. The interesting 
fact was that we produced the arc a number of 
times under the oil without trouble, but had not been 
able to locate its position until after the oil had been 
drawn off. 

The President : There are no papers for the 
afternoon session, but a number of committee reports 
are to be presented. Before adjourning this session, 
I would urge you to be present this afternoon promptly 
at half-past two as there is a great deal of work to 
get through and we want to finish at a seasonable 
hour, in order that those wishing to catch the after- 
noon trains may do so. 

Adjourned. 



SIXTH SESSION 

President Insull called the meeting to order at 
2.55 p. m. 

The President : Has the committee on standard 
candle power of incandescent lamps any report to 
make? 

Mr. Ayer : Mr. President, the committee, com- 
posed of Dr. Bell, Mr. Ferguson and myself, have 
had this matter in hand, but being so widely separated 
as we are, two members of the committee living in 
Boston and the other in Chicago, it is difficult for 
the members to get together. We have done some 
correspondence, and it has been necessary to carry on 
some experimental work. This has been done at the 
Boston Institute of Technology. Professor Puffer, of 
the engineering department, undertook to make a lot 
of determinations to enable us to get a basis for a set 
of specifications. We could not get the report of 
those investigations in time, but since my arrival here 
I have received a communication from Dr. Louis 
Bell that will give you a good idea of the work of 
the committee. I will present it as the report of the 
committee. 

REPORT OF THE COMMITTEE ON STANDARD CANDLE 

POWER OV INCANDESCENT LAMPS 

Gentlemen : 

Your committee has been able to have tested in 
the most careful manner, through the courtesy of 
Prof. W. L. Puffer, of Boston, sixteen-candle-power 
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incandescent lamps from eleven diflferent makers. 
The lamps were obtained directly from the makers or 
their authorized agents, and were known to be for 
test. 

These lamps were all sold for sixteen candle 
power, no volts, no watts specified, and may be 
fairly assumed to represent the product that would 
be shipped to consumers who did not desire the 
lamps for test ; although one batch of lamps came 
with the bases marked to show the point to be 
turned toward the photometer screen. 

On test, these lamps — thirty-three in all — averaged 
14. 1 mean horizontal candle power and about 11.7 
mean spherical candle power. Only one batch of 
three averaged over sixteen horizontal candle power. 
One batch fell below eleven horizontal candle power 
and two below twelve horizontal candle power. Five 
makers fell below 14.5 horizontal candle power. The 
highest average of any batch was 16.99; the lowest, 
10.82. The average consumption of energy was 
almost exactly four watts; the lowest, 3.78 watts per 
candle, and two batches ran over five watts. It 
should be noted that the voltage was determined by 
a Weston voltmeter freshly compared with Clark 
cells, and each lamp was run at its marked voltage 
(no volts). 

A separate series of tests showed that these lamps 
on the average gave their mean spherical candle 
power when measured under rotation, with their 
axes tilted forty-four degrees twenty-four minutes 
from the vertical toward the photometer, thus con- 
firming closely your committee's estimate of forty-five 
degrees as a proper angle. The individual variations, 
however, were considerable, averaging several degrees. 

A series of tests on proper speed of rotation 
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showed that the best results were obtained with a 
speed of 200 to 250 revolutions per minute, and that 
the lamps would readily stand this speed. 

Many of the lamps showed had spherical distri- 
bution, which seems to be quite needless, since it is 
merely a matter of properly proportioning the form 
of the filament. 

Of an equal number of batches of thirty-two- 
candle-power lamps, only one batch averaged thirty- 
two horizontal candle power, the majority falling to 
twenty-six and twenty-eight candle power. The thirty- 
two-candle-power lamps averaged slightly greater 
efficiency, but were otherwise much like the sixteen- 
can die-power size. 

From this investigation, the fact stands out that 
the incandescent lamp sold for sixteen candle power 
is, on the whole, a lamp giving considerably less 
than its rated candle power, even when new. Some 
of these lamps would probably show a temporary 
increase of candle power after, say, fifty hours' 
burning ; but the committee has not extended the 
research in this direction as yet, and adheres to the 
opinion that initial candle power is the only prac- 
ticable commercial test, and consequently any increase 
is simply regarded as a device for keeping the lamp 
a little longer from its inevitable decay. 

From these and other data kindly furnished by 
manufacturers and obtained from various other reliable 
sources, your committee is convinced that the need of 
a uniform rating is even greater than it concluded in 
the preliminary report of last year, and that a rating 
test, in order to be effective, must involve measure- 
ment of candle power of lamps in more than one 
direction. Neither mean horizontal or mean spherical 
candle power, nor candle power in any one direction. 
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will define a lamp well enough to insure adherence to 
the rating. 

Your committee therefore recommends that incan- 
descent lamps be required to conform both to a 
standard mean horizontal candle power and to a mean 
candle power when revolved with the axes tipped forty- 
five degrees, this representing the spherical distribution. 

It recommends that the limits for the mean horizontal 
candle power be fifteen and 17.5 candle-power. Unless 
the minimum be as high as fifteen, there will certainly 
be found a tendency to produce lamps near the lower 
limit. The forty-five-degree candle power should be 
at least eighty-five per cent of this minimum. This is 
not an excessive requirement, and will tend to prevent 
working near the lower limit of horizontal candle power 
unless with a lamp very good in other respects. 

Your committee has blocked out a standard form 
of photometer, a type of which it proposes to build, 
test and put at the disposal of the association with 
directions for proper use. 

It suggests that testing be by sample, a lot of ten 
lamps being taken from each barrel. Of these, no 
lamp when run at its marked voltage shall show less 
then fifteen or more than 17.5 candle power (mean 
horizontal) when rotated at 2chd to 250 revolutions per 
minute. And no lamp shall give, when thus rotated 
at forty-five degrees inclination, less than eighty-five 
per cent of the above minimum. 

Your committee will make arrangements for standard 
lamps as indicated in the preliminary report, to go with 
the standard photometer. 

Respectfully submitted, 

Louis Bell, Chairman, 
James I. Ayer, 
Louis A. Ferguson. 
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The President : I think it very desirable that 
the work of this committee should be continued in a 
little different form. I think the interests of the asso- 
ciation would be served by the personality of the com- 
mittee being changed, as Dr. Bell, who has done some 
very valuable work for us, seldom attends our meet- 
ings now ; and I would suggest, in taking action on 
this matter, that a motion be made that a committee 
of three be appointed by the chair to take up the 
question, not only of the standard candle power of 
incandescent lamps, but standard specifications for 
incandescent lamps. It will be within the recollection 
of some of you that I referred to this matter in my 
opening remarks. I am sure, from my experience 
in another association, that the interests of the users 
of incandescent lamps can be well served by the 
adoption of standard specifications that will compel 
the manufacturers to specify what they supply us 
with. 

Mr. Ayer : I want to say in behalf of Dr. Bell 
that he is in the employ of the government, in the 
engineering department. He intended to attend this 
meeting, but could not do so. I see no reason why 
the recommendation of the committee should not be 
adopted. I ask that that action be taken ; that the 
report be adopted. 

Mr. Bui^leigh : I make a motion that the report 
of the committee be adopted and the committee dis- 
charged, and some other committee be continued in 
its work, as outlined by the president. 

Motion put and carried. 

The President: 1 appoint as the committee, Mr. 
James I. Ayer, of Boston, chairman ; Louis A. Fer- 
guson, of Chicago, and Calvin W. Rice, of Brooklyn. 
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REPORT OF COMMITTEE ON LEGISLATION CONCERNING 

THEFT OF CURRENT 

The President : We will now take up the report 
of the committee on legislation concerning theft of 
current. 

Mr. Ayer: I was appointed chairman of the com- 
mittee, Mr. President, and Judge Armstrong was to 
act on it merely by courtesy. I want to state the 
case and put the trouble and blame where they 
belong ; I want to hit the judge and he will hit me 
back. This thing seemed to be of considerable 
importance, and when the committee was appointed, 
soon after the convention adjourned last year, the 
chairman sent out letters through the medium of the 
secretary to members of the association and central- 
station people generally in all the states of the Union. 
We got replies from thirty-seven of the states, all 
expressing much interest in the idea of establishing 
a uniform law, which should be made as strong as 
possible, to cover the case. Mr. Voorhees, who is 
now acting governor of the state of New Jersey, was 
on the committee, and when the data had been put 
together and referred to the legal end of the com- 
mittee, — Messrs. Armstrong and Voorhees — Mr. 
Voorhees was compelled to decline to serve, because 
of having been appointed governor. The matter has 
remained in that condition. 

Mr. Armstrong: 1 suppose it is not necessary 
for me to say, because that has appeared to you 
through the chairman of the committee himself, that 
he has absolutely failed on the first principles of the 
recognition of the duties of the chairmanship of a 
committee. I never knew that the other members of 
the committee had any province at all, except to add 
respectability to the committee. I have always under- 
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Stood that it was intended that the chairman of a 
committee should do all the work ; so, while I did as 
a mere matter of form receive a letter from Mr. 
Ayer, in which he told me, what I already knew, 
that Governor Voorhees, who was president of our 
senate— you know we have had to do a good deal 
for the United States of America lately ; we have 
furnished a vice-president, an attorney-general, etc., 
and when Griggs became attorney-general, Voorhees 
became governor — I presumed that this letter from 
Ayer was an ordinary courtesy, and I did not know 
that he wanted anything from me. He did send me, 
however, a compilation of laws. I have seen some 
curious things ; but if these laws can be printed as an 
appendix to our proceedings here, and you can see 
how many different laws can be made on one subject, 
I have no doubt that you will be interested. The 
best, it is needless to say, is that passed by the state 
of New Jersey. It is the simplest of all of them, 
and will, I think, fully answer the purpose in any 
state. It was absolutely impossible, taking up a num- 
ber of them, — speaking seriously — to undertake to 
make a composite that would answer any purpose. 
I understand that we have had no prosecutions in 
our state, and have had no difficulty about it. I do 
not see why a simple law, such as has been adopted 
by our legislature, providing that any unauthorized 
attachment made to the conductors, wires, or any 
other property of an electric light or power company, 
shall be a misdemeanor and punishable with a reason- 
able punishment, will not suit the purpose. I think 
it is the best law that can possibly be suggested. I 
do not see that we ourselves can go to any such 
length as to recommend any special enactment ; and 
I would recommend seriously that what Mr. Ayer 
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has collected should be printed as an appendix to the 
report of the proceedings of this convention, and in 
that way it may be useful to members of the associa- 
tion. I would, therefore, Mr. Ayer having failed to 
do so, report to the convention that we deem it 
inexpedient to recommend any special law, and that 
the laws collected by the committee be taken as its 
report. 

The President : It would appear to me that this 
is an important subject. We all suffer from theft of 
current, and 1 think our interests would be better 
conserved if we should refer the subject back to the 
committee, probably making Judge Armstrong the 
chairman, and filling the vacancy of Mr. Voorhees ; 
and I think if a resolution were made to that effect 

Mr. Aver: Mr. President, 1 make that as a 
motion. 

Mr. Atkinson : I did not know that this subject 
was coming up to-day or I should have had with me 
a copy of the law passed at the last session of the 
legislature in Georgia, which we think is simple and 
coveis the ground. It is not over twenty or thirty 
lines, and makes the penalty for stealing electric cur- 
rent the same as for any other similar misdemeanor. It 
is a very simple law, but it fully covers the ground. I 
merely rise to say that I shall be glad to furnish a 
copy of this law to the committee. 

Mr. Ayer's motion was put and carried. 

The President : I will appoint as the committee 
Messrs. E. A. Armstrong, Camden, Chairman ; James 
I. Ayer, Boston, and A. VV. Field, Columbus, Ohio 

The President : Has the committee on amend- 
ments to freight classification any report to make ? 

Mr. Ayer: That committee desires the subject to 
be carried over for another year, for obvious reasons. 
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The President : That will be granted. In my 
opening remarks I drew attention to the matter of 
standard specifications for the manufacture of electrical 
apparatus. I think it is important that we should 
have a committee on that subject. It is so important 
a subject that I think it would be better that it 
should be left to my successor to select that com- 
mittee. I shall be glad if some one will make a 
• motion that a committee of five on standard specifi- 
cations for electrical apparatus be appointed by the 
incoming president, with instructions to co-operate 
with other technical bodies and electrical apparatus 
manufacturers, in order to arrive at some basis of 
operation on the subject. 

Mr. Huntley : I make such a motion. 

Mr Huntley's motion was put and carried. 

Mr. Huntley : Mr. President, I move that we 
go into executive session. 

Carried. 
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EXECUTIVE SESSIONS 



TUESDAY AFTERNOON, JUNE 7 

The President: Our real object in having an 
executive session is to discuss confidentially the subject 
presented by Mr. Dow and the gentlemen following 
him. Before that subject is taken up, however, there 
are one or two matters that ought to be considered. 

Mr. Ayer : I desire to offer an amendment to the 
constitution. The present article regarding the holding 
of the meetings reads as follows : 

*' article v. meetings 

**The annual meeting of this association shall be 
held in May or June in each year, at such places as 
the association shall determine, and on such dates as 
may be determined by the executive committee." 

Having had much to do with the selection of the 
locations for the meetings during a number of years 
past, I realize, as many of the members do, how 
difficult it is to harmonize the location with the wishes 
of the membership. It is very natural that we should 
have a large number of members wanting the location 
east of the Alleghenies, because we have more members 
in that section. As a national association, it was felt 
to be desirable that we should come west as often as 
possible ; but we cannot stay west. When we come 
west, we get a good attendance from a district within 
a radius of a few hundred miles ; but the next year 
we must, naturally, go back to the East, and these men 
do not come, so they lose their interest by failing to 
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keep up their attendance ; they do not care to go to 
a distance of 500 or 1,000 miles. The suggestion 
that we now have to offer is to fix two definite 
places of meeting, which would harmonize the meet- 
ings and overcome the difficulty we have in getting 
permanent membership in the West as well as in 
the East ; in other words, sticking to the character 
of the association and maintaining it as national. New 
York is very central for the coast cities and the terri- 
tory east of Allegheny mountains ; Chicago is very 
central for the West. There are many of us in 
Massachusetts and other eastern states who will come 
to Chicago, and many western men who will go east; 
but the people that we are most desirous of bene- 
fiting — that is, the small central stations — can not send 
their men these long distances, and it is suggested that 
we hold the meetings in Chicago and New York 
alternately, making these cities the permanent loca- 
tion, one year in one place, and the next year in the 
other. A man can then go every other year if he 
cannot attend every year, and in this way he will 
keep up his interest. Most managers can go three 
or four hundred miles and get away for three or 
four days ; if he is a western man, he will come 
here, if he does not attend the eastern meetings. I 
do not think we should scatter about as we have 
been doing ; we should settle upon some cities like 
Chicago, Cleveland and New York. Cleveland is 
convenient for many, but it did not answer the 
purpose so well as Chicago. I therefore move an 
amendment to the constitution to the effect that the 
meetings be held alternately in Chicago and New 
York. 

The President : The motion is open for dis- 
cussion and vote, unless five members object to it. 
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Mr. Armstrong: I do not want to object, but 
why do we want to bind ourselves to that in the 
constitution ? I probably like the idea, but why not 
leave it all to the executive committee, just as it has 
been left ? If it is our sense that we meet in that 
way, there is no trouble. If it were hard and fast, 
and there should be some special circumstances and 
the executive committee should think we ought to 
have a meeting elsewhere, we should be limiting 
them in their action. There is nothing to prevent 
our deciding that we will go to New York next 
year and the year after that to Chicago. We have 
discussed this matter a good many times, and while 
I am entirely willing that the executive committee 
shall fix the month and the time in the month, I am 
also entirely willing that they shall also fix the place. 

Mr. Ayer : That is the old story. The object 
in fixing the place is not to take it out of the hands 
of the executive committee, but more to fix in the 
minds of the members the fact that every second 
year the meeting will be held in New York or 
Chicago. It is to make it a permanent part of the 
institution that the organization has its dual home in 
Chicago and in New York. It will result in time in 
producing a much stronger organization. Left to the 
executive committee as in the past — this thing has 
been discussed in this way — local interests and per- 
sonal appeals, arid sometimes conditions arising where 
men do not care to oppose the interests of others, 
would result in the meeting being held at some odd 
point, which would prove to be undesirable. For 
instance, we elect a president, and he would like to 
have the convention in his town. That is a proper 
desire on his part, and there are times when the 
executive committee does not want to take issue with 



325 

the president. If he thinks we ought to do it, the 
committee gives way, sometimes very much to the 
detriment of the association. These are the main 
reasons why we want to make this a fixed thing. 
If the argument for the amendment is not good, it 
is proper to vote down the motion ; if it is good, I 
see no objection to having it hard and fast. We can 
take it out of the constitution if it proves to be a 
bad move ; it can be rescinded or changed, as we 
propose to change the by-law that now exists. I 
believe that the association would derive a great deal 
of benefit from the adoption of the amendment 

Mr. Keck: The time of the meetings would be 
important to members from the South ; we could not 
come in the winter time. I come from Savannah, 
Georgia, and should not like to come in the winter. 

Mr. Carnes : Would there be any objection to 
leaving the limit to May or June, in the discretion 
of the executive committee. 

Mr. Armstrong: I would make a suggestion to 
the chair. I am willing to compromise, I am sure ; 
and I would move an amendment that the meetings 
be held in the month of May, June or July, alter- 
nately in Chicago and New York, unless otherwise 
ordered by the executive committee. That will leave 
open the possibility of making a change if it is neces- 
sary ; and it may be very necessary. The executive 
committee is not usually influenced by the president 
to do this thing. I tried to influence them once, but 
there is a difference in presidents, of course. I once 
endeavored to have them meet at a place of my 
choosing, but did not succeed. The present president 
did succeed, but the executive committee was not 
pulled around at all ; it was fair and square, and 
decided by a tie vote ; the president settled it by 
voting for Chicago. 
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Mr. Coggshall : The month of July would be a 
bad month for Massachusetts men. We make up our 
reports at that time, and are under a penalty of many 
hundred dollars. 

Mr. Keck: Make it May or June. 

Mr. Weeks: Circumstances might arise under 
which we should desire to go south. I think that I 
would place no restrictions on the executive commit- 
tee, but leave it with the committee to determine the 
place. I think the sense of the resolution is very 
good, that the meetings shall be held in one or two 
great centres. 

The President: Are you supporting Judge Arm- 
strong's amendment ? 

Mr. Weeks: I am not supporting anything in 
particular. 

Mr. De Camp: I think Mr. Armstrong's amend- 
ment renders it unnecessary to take any action. It is 
already in the hands of the executive committee. Put 
it in the shape of a resolution, to get the sense of 
this present meeting as to the policy of establishing 
the two permanent places for a meeting. 

The President : . I have been trying during the 
past year to get western members into this associa- 
tion, and 1 have failed absolutely, and the reason is 
that the western people have an idea that the National 
Electric Light Association is purely an eastern body, 
and that its meetings, as a rule, are held in the East, 
and the exception is to come to Chicago, or, rather, 
to the West. If we want to be a national association 
and get full membership, we ought to take some 
action on the subject. As Mr. Ayer has said, the 
small companies cannot afford to send their men away 
east. They do not see any object in the West in 
belonging to an association whose meetings they can- 
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not attend. If we want to increase our membership 
and get in a large number of small companies through- 
out the West, we shall have to take some action that 
will put us in a position to claim that our association 
meets in the West. I do not see any objection at all 
to Judge Armstrong's motion to amend. The consti- 
tution will be an expression of the policy of the 
organization ; and if any special circumstances arise, 
the executive committee can make a change. If it is 
the avowed policy to meet in New York one year 
and in Chicago the next year, I doubt if the executive 
committee will change it except under extraordinary 
circumstances. 1 will ask Judge Armstrong to write 
out his amendment. 

Mr. Armstrong: Mr. President, 1 have written 
out my amendment, and will now read it : 

The annual meeting shall be held in May or June 
of each year^ alternately in the cities of New York 
and Chicago, unless otherwise directed by the executive 
committee, and on such dates as the executive com- 
mittee shall deterfuifie. 

Mr. Wagner seconded Mr. Armstrong's amend- 
ment. 

The president put the amendment to vote, and it 
was adopted. 

The President : There is a resolution in the 
minutes of this association under which the members 
of the executive committee have a right to claim the 
payment of their expenses in attending meetings of 
the committee. I think that any gentleman who 
accepts the position — I know I can speak for those 
on the committee at the present time— any gentleman 
that accepts the position of member of the executive 
committee should either be willing himself to pay 
his expenses or his company should pay them, as 
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the meetings of the committee are in the interests of 
the members. I wanted to call a meeting of the 
executive committee this year and got a waiver of 
each claim from each member before calling the 
meeting, in preference to putting the association into 
the hands of a receiver after calling it. I wish that 
some member would move that the members of the 
executive committee pay their own expenses when 
attending a meeting of the committee. 

Mr. Walbank : Mr. President, I move that here- 
after the members of the executive committee pay 
their own expenses when attending meetings of the 
committee. 

Mr. Scovil : It is very important that the mem- 
bers of the executive committee shoiild attend the 
meetings, and this motion may have the effect of 
deterring them from doing so. 

Mr. Atkinson : The meetings of the executive 
committee are important, and it is pretty hard to 
saddle the expense on the companies. The work is 
in the interest of us all, and I for one am heartily 
willing to bear my portion of the expense of the 
meeting of the executive committee. 

Mr. Armstrong: They have not usually been 
paid. 

The President : Since this resolution was put in 
our records the association has become a one-man 
organization from convention to convention. This 
is not right ; the association is too important ; the 
interests involved are too great. 

Mr. Atkinson : I move as an amendment that 
the expenses of the necessary meetings of the execu- 
tive committee be assessed on the membership, and 
that the finance committee take the matter in charge 
and see that it is done. 
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Mr. Keck : How much money should we have to 
raise to pay for a meeting of the committee ? 

The President : I have not figured that out ; but 
I can tell you how much it would take to pay for 
my expenses as president during the past year, part 
of which I have paid and part of which my company 
paid. 

Mr. Burleigh : At no executive committee I ever 
attended was there anything paid. 

Mr. Atkinson : It ought to be paid. How many 
meetings are held during the year? 

The President : During the last year or two we 
have not had any meetings. 

Mr. Ayer : We did not have any during my 
administration. 

The President : I asked Mr. Nicholls why he did 
not call any meeting, and he told me that was the rea- 
son, and he did not care to ask the committee to 
meet. 

Mr. Wagner: I think the companies represented 
on the executive committee get certain advantages 
from that representation that the other companies do 
not get, and they should be willing to bear that item 
of expense. Almost every company is represented in 
turn, and sooner or later it would be spread through- 
out the association. There is no other way to provide 
for this expense. 

Mr. Carnes : It would be better not to have it 
embodied in the by-laws that you cannot afford to 
have a meeting of the executive committee because 
you have no funds. It should be understood that 
members who accept appointment on the executive 
committee should accept it conditionally upon bearing 
their own expenses, or should decline the election. 

Mr. Atkinson : It seems to me that the expenses, 
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divided among the membership, would be a small 
item. I think the expenses of the committee ought 
to be paid. I am not familiar with the advantages 
that accrue from membership on the committee, but 
it would seem to me that the only advantage is the 
loss of time and money as well. It would be hard 
to get suitable men on the executive committee, and 
under such circumstances it would be difficult to get 
meetings of the committee, and the committee would 
amount to very little. The question as to whether 
the executive committee is worth having seems to be 
involved ; and it seems to me that the expense, divided 
up, would be a merely nominal matter, and nobody 
could object if they were in favor of the association 
and its work ; and I would urge my motion. 

Mr. Scovil : I would second Mr. Atkinson's 
motion. This is a national association, and I think 
there ought to be on the executive committee men 
that represent the small companies. It is easy enough 
to get the representation of the larger companies, who 
can stand the expense ; the men representing the 
larger companies have salaries sufficiently large for 
them to pay their own expenses. This is a national 
association, and there are many managers that do not 
get a large enough salary to be able to afford to pay 
their own expenses. 

The President : You cannot assess your mem- 
bers. The basis of membership is a certain amount 
per year as dues ; you have not the right to assess 
• your members. If those gentlemen that have urged 
the desirability of such a course have tried to raise 
money for special work in connection with the electric- 
lighting business, and have succeeded, by collecting 
it from various companies, I wish they would let me 
know how to do it ; because I am out $2,500 at 
this moment on the work I am going to talk about. 
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Mr. Weeks: You are right, Mr. President, in 
regard to the impracticability of assessing members 
for this expense. During my administration of the 
affairs of the association, we never had an officer or 
member of the executive committee (except, of course, 
the secretary) whose expenses were paid. We never 
heard of the question being raised by anybody, or any 
claim being made upon the association on that account. 
So far as I am concerned. I know I am not out so 
much as the present president, but I spent a good 
many hundred dollars for work purely for the benefit 
of the association ; but, fortunately, during my term 
as president, I found enough of the active members 
of this association that were patriotic enough, if 1 may 
so speak, to go down into their pockets ta the extent 
of two or three hundred dollars. There were about 
fifteen members that contributed. This was done, and 
no record made of it, and no claim was ever made 
upon the association for re-imbursement of that sum. 
I am not clear what the necessity is for this action. 
Why need we pass any resolution ; why not go on as 
we have done, paying our own expenses ? 

The President : Mr. Atkinson's motion, if car- 
ried, would mean that this association would be 
responsible for the expenses of the executive commit- 
tee in attending meetings of the committee. Any 
member of the executive committee would have a 
legal claim upon the association in connection with 
his expenses. I will now put the question on Mr. 
Atkinson's amendment. 

The amendment was put to vote and lost. 

The President : We will now take a vote on 
Mr. Walbank's motion, — that the present resolution 
on the minutes of the association, that the expenses 
of the executive committee be paid by tlie associa- 
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tion, be canceled, and in future the executive commit- 
tee shall pay their own expenses. 

This motion was put to vote and carried. 

THURSDAY AFTERNOON, JUNE 9 

The President : The report of the secretary and 
treasurer will now be presented. 

The secretary presented the following report : 

REPORT OF THE SECRETARY AND TREASURER 

RECEIPTS 

Active membership dues $2,425 00 

Associate membership dues 1,320 00 

$3,745 00 

Sale of Report of Twentieth Convention.. $275 00 

Sale of badges 107 00 

Sale of publications 49 50 

Advertisements in proceedings 18000 

Special fund (municipal statistics) 1,500 00 

2,111 50 

Total receipts $5,^5^ 50 

Balance in bank January i, 1897 $1,446 23 

Debtor to petty cash 60 29 

1.385 94. 

$7,242 44 

DISBURSEMENTS 

Salary of Secretary $1,500 00 

Rent 420 00 

Testimonial 30 00 

Stenography and typewriting (including 

report of twentieth convention) 1,097 95 

Printing and stationery (including pro- 
ceedings and papers read at meeting) . . 754 70 

Postage and telegrams 160 97 

Traveling expenses 373 77 

Sundry expenses 14 97 

Badges 133 80 

Furniture 8 75 

Committee on data 200 00 

Municipal statistics 1,400 00 

6,094 91 

Balance January i, 1898 $1,14753 
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Balance in bank January i, 1898 $i>i36 83 

Balance in petty cash January i, 1898.... 10 70 

$i,M7 53 

ASSETS 

Cash as above statement $i>i47 53 

Cash in hands of finance committee 915 97 

Office furniture, as appraised by finance 

committee 267 00 

Accounts receivable 635 00 

$2,955 50 

LIABILITIES 

Bill of Tames Kempster Printing Com- 
pany 808 77 

Net assets $2,146 73 

Respectfully submitted, 

Geo. F. Porter, 

Secretary and Treasurer. 

Approved September 23, 1898. 
H. H. Fairbanks, 
W. S. Barstow, 

Finance Committee. 



Mr. Stetson : Has the report of the treasurer 
been audited ? 

The President : No ; because none of the mem- 
bers of the auditing committee are here. 

Mr. Stetson : I move that the report of the 
secretary and treasurer be accepted upon its approval 
by the finance committee, and spread upon the 
records ; further, that the finance committee be 
requested to turn into the general bank account of 
the association the sum of $915.97, shown on the 
report of the secretary and treasurer, and also a 
further sum of $472.91, which they have in hand as 
the proceeds of the Montreal exhibition. 

This motion was carried. 
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COMMITTEE ON LEGISLATIVE POLICY 

The President : You may remember that at our 
last executive session a motion was passed that a 
committee of five on legislative policy be appointed 
by the chair, with the chair as chairman of the 
committee. I will appoint the committee to consist 
of the following members : 

Samuel Insull, Chicago, Chairman 

H. M. Atkinson, Atlanta, Georgia 

Samuel Scovil, Cleveland, Ohio 

Ernest tl. Davis, Williamsport, Pennsylvania 

Charles R. Huntley, Buffalo, New York 

REPORT OF THE EXECUTIVE COMMITTEE 

The President : The next report is that of the 
executive committee. The executive committee have 
had only one meeting during the year. The matter 
that the executive committee was called to discuss 
was the subject that we discussed in executive session 
the day before yesterday, namely, the question of the 
legislative . policy of the association. I have no 
formal report to make, and will, therefore, call for 
the report of the committee on nominations, as the 
election of officers is the next business in order. 

REPORT OF THE NOMINATING COMMITTEE AND 

ELECTION OF OFFICERS 

Mr. Robertson presented the following report : 

Chicago, June 9th, 1898. 
National Electric Light Association, 

Gentlemen : Your committee, to whom was 
referred the matter of nominating officers of this 
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association and members of the executive committee 
to be elected at this meeting, begs to offer the 
following nominations : 

For president, A. M. Young, Waterbury, Connect- 
icut. 

For first vice-president, E. W. Rollins, Denver, 
Colorado. 

For second vice-president, F. A. Gilbert, Boston, 
Massachusetts. 

For members of the executive committee, Samuel 
Insull, Chicago, Illinois; Samuel Scovil, Cleveland, 
Ohio ; H. M. Atkinson, Atlanta, Georgia ; F. A. 
Copeland, La Crosse, Wisconsin. 

Respectfully submitted, 

A. M. Robertson, 
James I. Aver, 
James R. Dee, 

Committee, 

Mr. Huntley : I move that the report of the 
nominating committee be accepted, and that the sec- 
retary cast the ballot of the association for the gen- 
tlemen named. 

Carried. 

The secretary cast the ballot, and the president 
declared the gentlemen duly elected. 



The President : I am sorry that none of the 
officers elected are here to acknowledge their election. 
Speaking for Mr. Young and Mr. Gilbert, I assure 
you that they were very much disappointed at not 
being able to be present, and nothing but the most 
pressing business in connection with the large business 
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interests with which they are charged, kept them away. 
They wished me especially to inform the association to 
that effect. It is a great pleasure to me personally to 
see another western man elected among the officers of 
the association, I take a great personal interest in 
the association, and 1 know that much can be done 
in the future by having an admixture of eastern, west- 
ern and southern men on our staff of officers and 
executive committee. 

So far as 1 am personally concerned, I wish to 
thank you all for what you have done toward making 
this convention the success it is universally conceded 
to have been. 1 am gratified that such a meeting 
should have taken place in the city in which I reside. 
I hope to do all I can in the future to carry this 
association to still further success. 

Mr. Atkinson: There is one thing that I think 
we can hardly adjourn without doing — I am not 
going to make any lengthy speech, but the company 
in which I am interested has been a member of this 
association for quite a number of years, and I have, 
unfortunately, not been able to see my way clear to 
come to a previous convention ; we have always been 
represented, however. I got up to say that, judging 
by this, my first convention, I am extremely sorry 
I did not begin to come sooner. I have been very 
much interested, and have learned a great deal, and I 
have an earnest feeling that this convention has been 
a great success ; in my opinion it could have hardly 
have been a greater success. It has been a very busi- 
ness-like convention in every way. I want to express 
as earnestly as 1 can what strong feeling 1 have for 
the work ; it is important work, and we can hardly 
put too much enthusiasm into it, and it is going to 
be of untold good for every member. In closing I 
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will say that I think a large part of the success of 
this meeting is due to the enthusiasm and zeal and 
hard work that our president has put into it ; and I 
want to move that a vote of thanks be extended to 
him for this work, and I will put that motion if it 
is seconded. 

Mr. Armstrong: In seconding the motion I 
want to say I have been at every convention since 
February, 1890. I have not known a convention 
that attended more strictly to business ; and, so far as 
I am able to judge. 1 have not seen a programme at 
any of our conventions so helpful as the one at this 
convention. I was opposed to the convention's com- 
ing to Chicago ; I didn't want to come here at all. I 
am very glad to acknowledge that I was mistaken,, 
and to be able to bear tribute, as Mr. Atkinson 
says, to the enthusiasm with which the president has 
seen to the preparation of the programme, and has 
seen to the execution of the programme when pre- 
pared. We certainly do owe him, as a convention, a 
great deal, and so far as I am concerned I hope it 
may be understood that this is not a mere formal vote 
of thanks, but a heartfelt vote of thanks for what he 
has done in the interest of the National Electric 
Light Association. I am perfectly willing, in other 
words, to let it go that this shall be a sample meet- 
ing for those that have not attended any of our other 
meetings. 

Mr. Atkinson : It has been moved and seconded 
that the earnest thanks of this association be returned 
to our retiring president, Mr. Samuel Insull. 

The motion was unanimously carried. 

The President : Gentlemen, the best way in wlijch^ 
you can show your thanks for what little effort I have 
been able to put forth in connection with this conven- 

23 
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tion is to attend the next one and give it the same 
class of support that has been given this one this week. 
It is all very well to give your retiring president a 
vote of thanks; but I will say this on behalf of my 
successor, that the best way in which you can show 
your appreciation of his work is to contribute to the 
programme of the next convention. The hardest 
work I had in connection with this convention was 
to get gentlemen to write papers. I think we were 
fortunate in finally getting a set of papers that will 
form a classic in this industry. I think our coming 
book will be of great use to all of us in our central- 
station work. Before next year, those of you that 
have been here through this meeting and have profited 
by the papers read and the discussions that followed 
— if you will only take a hand at it and write some 
papers yourselves, so that the rest of us can profit by 
what you have to say in regard to the various prob- 
lems connected with our industry, you will be showing 
an appreciation of the efforts of the officials of this 
association that will please them very much. I thank 
you for the kind way in which you have expressed 
yourselves ; and in dropping into the ranks of the 
association I shall try to do my share toward making 
the association a success. 

Mr. Ayer: I move that the thanks of the meeting 
be extended to the Chicago Edison Company, the 

Metropolitan West Side Elevated Railroad Company, 

the South Side Elevated Railroad Company, the 

Northern Steamship Company, the Chicago Telephone 

Company, the American Telephone and Telegraph 

Company, and all others that have extended courtesies 

to the convention, for their kindness in so doing. 

Carried. 

Mr. Copeland : Mr. President, as I came into 
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the room a few minutes since, I heard my name 
mentioned as having been placed on the executive 
committee. I do not know whether this action is 
diplomacy on the part of the association or not. A 
new member, not in the electrical business, but in 
the National Electric Light Association, I visited you 
last year at Niagara Falls as a guest, and now I am 
a full-fledged member and an active member in the 
Northwest. I do not think a man can learn too 
much in any of these associations. The field is large. 
Our little Northwestern association is coming along, 
and we hope some day to be on a par with you. 
We are doing a little smaller business than most of 
you people are ; but I thank the association for 
putting me on the committee, and I will do what 
I can up in our country to swell the ranks and 
further the interests of this association. 

Mr. Scovil : I have a resolution that I desire to 
submit to the executive committee, and upon which 
I wish the sense of the meeting taken : 

Resolved: ist — That the purchase of existing 
plants by syndicates, for the purpose of recapitalizing 
them at fictitious values, is reprehensible. 

2d — That the interests of users, taxpayers and 
bona-fide investors, demand that prices for services 
shall be limited by cost of operation plus a reason- 
able dividend upon the capital necessarily invested in 
construction and operation. 

In moving this resolution, I simply wish to express 
my conviction that there is no one thing that is doing 
our interests more harm than what is being done by 
a set of people outside of us, who go into certain 
cities and find properties that have been conservatively 
managed, with an earning capacity that will stand more 
capital. They buy the properties and recapitalize them. 
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and present a long series of figures showing that in a 
series of years, if the user will stand the watering, it 
will be a good property to invest in. I think it would 
do no harm if the association were to put itself upon 
record in this way and let the resolution be put to 
vote. 

The resolution was seconded by Mr. Huntley and 
Mr. Field. 

Mr. Burleigh : I ask what is hoped to be the 
result of this resolution ? Is it to be published to the 
world that we regard that practice as reprehensible, 
and that we do not engage in it ? 

Mr. Scovil : That would certainly be my idea. 
We have had read at this meeting a paper which 
said that we were only entitled to a return upon the 
actual cost to duplicate our plant ; and I took some 
exception to that, because I think that the trouble 
people have been put to in the past is entitled to 
some consideration. I feel, as I said before, that this 
method of doing things is very harmful. 

Mr. Armstrong: Would it not answer the pur- 
pose to have this referred to the special committee 
that has kindred matters under consideration, and let 
it go to them for action. I move that it be referred 
to the committee. 

The President : Would you authorize the com- 
mittee to publish that as the views of the association? 

Mr. Armstrong: They could not do that until 
they reported to the association. This would be an 
unfinished matter, and would come up with their 
report next year. 

The president put Mr. Armstrong's motion to refer 
the resolution, I which was adopted. 

Mr. Field: I move a vote of thanks to the 
reception committee for their very considerate atten- 
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tion to the ladies accmnpanying the delegates to the 
convention. 
Carried. 



Mr. Huntley : I have in mind a man who has 
done as much, and more, perhaps, than any other 
individual connected with the association. Each year 
he has contributed to the pleasure, entertainment and 
comfort of all the members. As a recognition of his 
services, I move that Mr. Cyrus O. Baker, Jr., be 
elected an honorary member of the National Electric 
Light Association. I do not know that I need say 
more ; he is known to us all, and his work has been 
appreciated by each and every one of us. 

Mr. Ayer seconded the motion, and Mr. Baker 
was duly elected an honorary member. 



The meeting then adjourned. 
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THE STANDARD FOR 
RUBBER INSULATION. 



WRITE FOR PRICES. 



Okonite Wires, 
Okonite Tape, 
Candee Potheads, 
Manson Tape, 
Candee Weatherproof 
Wires. 




THE OKONITE CO. 



J 



253 BROADWAY, NEW YORK. 



WILLARD I. CANDCE, 



GENERAL 
ELECTRIC 
COMPANY, 



MANUFACTURERS OP THE 



Standard 
Electrical 
Apparatus 



OF THE WORLD. 



PrinciiMl Offices: 

Schenectady, N. Y. 



SALES OFFICES: 



Boston, Maw. New Orleans, La. Helena, Mont. 

New York, N. T. dncinnatl, Ohio. Minneapolis, Minn. 

Syracuse, N. Y. Columbus, Ohio. Denver, Colo. 

Bulfalo. N. T. Nashville, Tenn. Salt lake City, Utah. 

Philadelphia. Pa. Chicago, 111. San Francinco, Cal. 

Baltimore, Md. Detroit, Mich. Portland, Ore. 

Pittsbunrh, Pa. St. Louis, Mo. 

Atlanta, Oa. Dallas, Texas. 

For all business outside the United States and Canada: Foreign 
Dept., Schenectady, N. Y., and 4A Broad Street, N. Y. 

For Canada, address Canadian General Electric Company, Ltd., 

Toronto, Ontario. 
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The India Rubber and* Gutta-Percha 
Insulating Company 






^ HABIRSHAW j|j||^ 



"Vandca*^^"" 



Glenwood Works Yonkers* New York 
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SOUTHWARK FOUNDRY 

AND 

MACHINE COMPANY, 

PHILADELPHIA, PENNA. 

DESIGNERS AND BUILDERS OP 

REFINED AUTOMATIC STEAM 

ENGINES 

OF ANY POWER DESIRED. 

LOW STEAM CONSUMPTION, 

CLOSE REGULATION, 

DURABILITY. 

HORIZONTAL AND VERTICAL. 

SUITABLE FOR ELECTRIC SERVICE. 

Also builders of Central Condensing Plants, 
Rotary Pumps, Centrifugal Pumps, etc. 

UM-f^TrXZlIElS SOXjIOXTPXU^. 
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A^0 ®9ft7 

I! The t 

I Monarch I 

I Engine-Stop I 

^ with Speed-Limit % 

«ft? 9ftf 

9ft; attachment will positively prevent 9ft? 

^ an engine from running away, and ^ 

^ also enable it to be stopped from ^ 

^ any point in the factory in case of ^ 

j»^ accident, notifying the engineer at y 

^ the same time. It is a first-class ^ 

9j|? insurance at a low cost. It closes i ^ 

^ the Throttle- Valve. Why not in- ^ 

^ vestigate ? X 

I The Monarch * 
I Manufacturing Co. | 

X WATERBURY. CONN. ^ 

9ft?%?9ft?9ft?9ftP9fte9ft?9ft?9ft?9ftr9fte9ft?9ft?9ft?9ftr9ft?9ft?9ft?9ftP9ft?«ft?9ftp«|9ft? 
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The Oldest Electrical 
Weekly in the United 
States. 










The Best Advertising 
Medium in the Elec- 
trical Field. 



eJfe- 



^be 



Electrical 
IRevtew 

established seventeen years ago, is recognized as the 
best read and most widely quoted electrical publication 
in the United States. It is a real NEWSPAPER, 
published weekly, with illustrations. Its bound volumes 
form a history of the art. f 



SUBSCBIPTION BikTES. 

One Tear, United Statee and 
Canada, post free, .... 

One Tear, Foreign Countriei, 

Sample Copy, 


$8 00 

600 

10 



iBlectticar IReview publisbing Co. 



TIMES BUILDING, NEW YORK CITY. 
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Fort Wayne Electric Corporation, 

FORT WAYNE, INDIANA, 

Manufacturers of Elcctrical Apparatus for 
Lights Power and Transmission Work^ 

Under the '< Wood'* and ** Churchward** Patents. 



ABC BE6ULAT0R, which takes care of the load automatically 
under all variations of load. 

METERS (Duncan type), which register on one 8 candle-power 
lamp. 

TRANSFORMERS, have the finest regulation of any transformer 
in the market. 

DIRECT-CURRENT APPARATUS, for both lighting and 
power. 

ARC LAMPS, open or enclosed, for arc, alternating and direct- 
current circuits. 

INSTRUMENTS, few equal, and none superior. 

ROTARY TRANSFORMERS. 

STEP-UP and STEP-DOWN TRANSFORMERS. 

SYNCHRONOUS MOTORS— we give SPECIAL ATTENTION. 






T.'. 



Main Office : FORT WAYNE, INIHANA. 

Brancli Offices: 

NEW YORK, 115 Broadway. BOSTON, 60 Equitable Building. 

STBACUSE, 717 Dillaye Building. PHILADELPHIA, Bourse Building. 

PrrrSBURGH, Park Building. CINCINNATI, Neave Building. 

CHICAGO, 021-685 Marquette Building. ST. PAUL, 306 Newspaper Row. 

ST. LOUIS, 809 Security Building. DES MOINES, 806 Observatory Building. 

SAN FRANCISCO, 18 Second Street. NEW ORLEANS, 717 Hennen Building. 

ATLANTA, 26 Marietta Street. MEXICO, American Engineering Co. 

EXPORT DEPARTMENT: 115 Broadway, NEW YORK CITY. 



Fort Wayne 
Lamp Co 



Manufacturers of 



Incandescent LAM 
Cleveland, Ohio. 



An absolutely new Lamp, made by a 
new Company, and In a new manner. 

No pains have been spared to produce 
the best Incandescent Lamp possible. 



PRICES ON APPLICATION. 
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Westinghouse Methods 



Electric By Westinghouse generators 

LightinQ gives the best service. Our 

^^^^J long experience in electrical 

matters places us in position to determine 

what is best for each individual case. 

WESTINGHOtSE ELECTRIC & MEG. CO.. 

Pittsbure, Pa.. 



iHc tM*i Of WestinQhouse w* GL*iiANTEt 



C. O. BAitmii, J>..Pi 



K. Secy. & TrtM. H. L. Shippv, Vlce-PnM. 



Electrical Exhibition Company 

will hold their 

Third Elxhibition 

under the auspices of and in conaeclion nith the 

*^Twcnty-Sccond Conventions 

of the 
NATIONAL ELECTRIC UGHT ASSOCIATION, 

Madison Square Garden, 

New York Oty, 
MAY 1st to JUNE 27th, (599«j»j» 

3SO 



THE NATIONAL CONDUIT 
AND CABLE COMPANY 



Original Manufacturers and Patentees 
of Paper-Insulated Cables and Cement- 
Lined Pipes for all Qasses of Electric 
Service^ Electric Railway^ Light and 
Power, Telephone and Telegraph ♦ ♦ 



AT LEAST THREE-QUARTERS 



of the undergfround cables ordered in the United 
States dtsring (896 and (897 are paper insulated. 
Our strongest indorsement is found in the fact 
that our competitors are endeavoring to put 
cheap imitations on the market • • • • BEWARE 
OF INFRINGERS • . • If you want the best, 
or to learn what is the best, communicate with us 



MAIN OFnCE 

Times Building, New York 



BRANCHES 
CHICAGO, Rookery PHILADELPHIA, Betz Bldg. BOSTON, Ames Bldg. 
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